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PREFACE. 



A CONSIDERABLE part of the matter contained in this 
little Book was first published in the year 1862^ nndar the 
title of '' Gas Meter TbstinGj'' and the ready Sale of that 
Edition satisfied me that by its issue I had really met a 
pressing want. Two other editions followed the first : 
the book with each issue being extended somewhat in its 
matter^ so that during tweniy years three thousand copies 
have been exhaustedj while it is still in demand. Haying 
regard to the purely technical character of the Work^ 
this is a somewhat surprising teictj but one which is very 
satis&ctory to me. 

The present Edition contains much more in the way 
of general information than its predecessorSj and if it bo 
found that much of such information is merely historical^ 
and much of it purely elementary^ I trust none of my 
readers will think worse of the book on that account^ but 
remember that this^ like most text books^ is intended to 
instruct those who are not well informed^ as well as to 
serve as a reference book to those who are so. 

P. W. HARTLEY. 
London, July 12th, 1888. 
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GAS MEASUREMENT 

AND 

OAS m:eter testino. 

' > — • ■ ■< ■ 

1. It is a remarkable i&ict in the history of gas-lighting in 
this conntr J, that although Gas Companies at the outset adopted 
the cuhic foot as the unit for gas measurement, and, when meters 
were introduced, actually sold gas under the authority of their 
respective Acts of Parliament at rates due to a 1000 cubic 
feet, there should have been no cubic foot measure, or any gas 
measure included among the standard measures of the nation, 
and that gas measures of all kinds, inclusive of gas meters, should 
have remained until the year 1861 altogether exempt from any 
official verification, such as all other measures of capacity, Ac, 
were subjected to by law. 

2. Notwithstanding the non-existence of an official standard 
measure of the capacity of a cubic foot, the weight of waU-r 
equal in bulk to a cubic foot, had been determined, and conse- 
quently water had been used in various ways down to the year 
1861 as an agent for ascertaining the capacity of, and for gradu- 
ating instruments to be used for measuring gas. 

3. Previous to the year 1861, many, if not most, persons who 
were concerned in making Gas Measures, adopted ^Vl 5 lbs. as 
the weight of water equal to the bulk of a cuVjic foot, although ft 
was known that Kater's experiments showed that at 62^ Faht., 
and with the barometer at 30 inches, the weijrht of a cubic foot 
of pure distilled water weighed in air was 62 321 lbs. avoiir<lu.T^v^. 



Ordinary water, whicli is denser than distilled water, was, how- 
ever, nsnally employed by the makers of meagures ; but then no 
care was taken to free it from air by boilitig before nse, bo that 
the greater density which would diminish the bulk of 62*5 lbs., ' 
was, to an uncertain extent, compensated for by the presence of 
air which would lessen the specific gravity of the water. So 
that when measurement was effected by the aid of water 
actually weighed under normal conditions, there existed no 
reason for grave differences in the derived measures of various 
makers. There can be little doubt, however, that some operators 
when using and weighing water were indifferent alike to its 
temperature and to atmospheric pressure, and were, it may be, 
still less regardful in respect to equality in the temperature of 
both air and water when graduating gas measures. Another 
source of difference was that while some determined cubic 
capacity by weighing the water, others did jso hj measuring the 
water. ^Jertain it is that from various causes, test-gasholders 
differed to an important extent from each other in capacity 
throughout the kingdom, although it might be that in a par- 
ticular district test-gasholders closely agreed with each other. 

4. Water, as already stated, was used in various ways prior 
to 1861 to ascertain and define the capacity of a cubic foot in 
gas measures. Doubtless in more ways than are herein described, 
as the Author deals only with those which he himself has u^ed. 

METHODS OF GRADUATING GAS MEASURES 

PRIOR TO 1861. 

5. In fig. 1 the bell of a test-gasholder (17) is represented 
in an inverted position, the top or crown resting on a firm and 
level base. At A a socket piece was soldered or attached to 
the bell, and rising from this was a fine-bore glass tube T, the 
junction at A being made sound by a stuffing box. This 
arrangement put the glass tube into communication with the 




interior of the bell. All being readf, water was poared into 
the bell until it rose, Bay, 3 inches in the tabe. When the 
water had become quiescent, its height was marked on the 
tube by means of a n&rrow strip 
of gummed paper. Two mea- 
sures were employed, viz., a 
standard gallon and a sbindard 
quart, each having a neck for 
the nse of a striking plate. 
The gallon was filled and emp- 
tied into the bell six times in 
succession, tKen the quart was 
also filled, and likewise emptied 
into the bell. When the water 
again became quiescent, the new 
level was marked on the glass 
tube. These operations were repeated until as many divisions 
as were required were m&rked off towards the point X. The 
bell was then emptied of water, the bracket above X and 
the socket A removed, and the hole in the side of the bell 
closed. The extreme lines on the glass tube were then 
marked on the bell in their proper positions, and the bell 
mounted to its tank. The latter being charged with water to 
the proper level, the line, which was the upper one on the 
glass tnbe, became the lower on the bell when in its right 
position, and this lower line was made to coincide with the 
water level in the tank. The depth from the top edge of the 
tank to the water level was then carefully measuiied. The 
bell was next immersed in the water until the second line coin- 
cided with the water level. The depth from the edge of the 
tank was again measured, and was necessarily less than before. 
The difference, of course, represented the amount of dieptace- 
ment of water cansed by the thickness of the metal of the bell. 

^1 
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This difference between the two measurements had to be sub- 
tracted from the scale length, as determined by the actual 
measurement by water of the bell itself, and for this reason : — 
The displacement, and consequent rise in the height of the water 
in the tank caused by the immersion of the bell (and operating 
vnthin it as well as in the tank), led to the discharge of a greater 
volume of gas than could be indicated by a scale based upon the 
actual measurement of the capacity of the bell, whether such 
scale was (1) attached to the pillar of a gasholder, and the index 
pointer fixed to the bell so as to rise and fall with it, or whether 
(2) the scale was attached to the bell so as to rise and fall with 
it, and the index pointer fixed upon the edge of the tank. 

6. About thirty- two years ago Mr. A. Wright constructed 
several one cubic foot holders, which were about 7 inches in 
diameter and of great length. The capacity of these had been 
determined in the way described, but the water line in the tank 
formed the index or reading point, the scales being on the bells 
and a window being in the side of the tank, hence no subtrac- 
tion had been made from the gross or determined length of 
stroke. Such holders were only useful for special purposes and 
the objection to them is, that they require great height, and 
unless specially protected from the influence of the warmer air 
of the upper part of the chamber in which they are placed, are 
apt to induce errors in measurement. The building in which 
they were used permitted due precautions to be adopted. With 
gasholders of the usual sizes and therefore of considerable dia- 
meters grave errors would have resulted had the water line 
been adopted as the index or reading point. 

7. The Author found the system of measurement just de- 
scribed so troublesome and laborious that he only graduated 
one 10 cubic feet gasholder in this way, and then resorted to 
the method next described. 

8. A vessel P, fig. 2, used as an aspirator, was filled with 



water throngh tlie fannel and cock C. Tlie opening A was 
connected bj a flexible tube to the standpipe cock of a gas- 
holder, the bell of which had been accnratelj balanced, and the 
loss of weight of which in its descent into the water was com- 




FiG. 2. 

pensated for by a weight in the way described in paragraph 21. 
The gasholder being raised out of the water of the tank to the 
extent needful to leave snflGicient water seal ^t \^ Vy««^ ^"^ <5jsjk«^ 



end, ^nd being in communication with the aspirator through A, 
""the cock C wafe closed, and water was drawn off from the cook 
O into the vessel V, which was opposed at the other end of a 
scale beam by a counterpoise and by weights equal to 65*5 lbs. 
avoirdupois, ordinary water being used. When the scale beam 
came into equilibrium, the cock and the gasholder cock was 
closed, V was emptied^ and P, which contained about two 
cubic feet, was re-filled with water, and the operation repeated 
as many times as was necessary. The intended scale being 
attached to the holder was first marked with a zero line and 
with an additional line on the abstraction of a cubic foot of air. 
In this way a scale requiring no correction was produced, and 
^est-Qusholders so graduated by the Author were, after some 
years of use, found in 1861, when tested by a duplicate of the 
Standard Cubic Foot Measure (16), to be within the limit of 
error then allowed by tha Standards' Department, namely, half 
per cent. A variation of this method was also practised by the 
Author. The funnel above the cock C, fig. 2, was replaced by a 
cylindrical vessel with a conical bottom, which held a little 
more than a cubic foot of water, and with G closed, six gallons 
and one qua^rt of water were poured into the upper vessel. 
The chamber contained air only, and being in connection 
through A with the gasholdei* to be tested (the bell of which, 
in this case, was inmiersed to the lowest point of its required 
stroke, in the water of the tank) and the cock being closed, 
C was opened and the water flowed into P through the syphon 
pipe shown by the dotted lines, expelling air and driving it into 
the gasholder bell. In the former case the -scale was found with 
a descending and in the latter case with an ascending bell. 
The latter method gave less reliable results than the former. 

9. Mr. Alfred King, of Liverpool, at a date unknown to the 
Author, but which must have been considerably anterior to 
the j^ear 1856, devoted his energies to the production of a 




'^ 
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Standard Cubic Foot Measure and the result of his concepi- 
tions and efforts is shown in fig. 3. A, is an upper vessel, of 

the capacity of one cubic foot, 
with conical ends, terminating in 
necks, the lower having a stop- 
cock C, to which is attached a 
syphon tube D, descending into 
a lower vessel or air holder E, 
of similar shape to A, provided with 
a stopcock at P for permitting the 
escape of air, and at O with ano- 
ther stopcock for the withdrawal 
of water. B, is a funnel sur- 
mounting A aud provided with a 
pipe and stopcock. This instru- 
ment was called a transferrer, and 
the method of using it for gradu- 
ating a test-gasholder was as fol- 
lows : — First close all the cocks, 
and fill the upper vessel with 
water, open the cocks F and C 
and thus allow the water to run 
into the lower vessel E, then close 




Fig. 3. 



C, draw off the water from G, and return it into the upper' 
vessel A. Bepeat this operation several times, so that the 
water and the instrument become of the same temperature. 
At the last filling,c strike the water off the surface of the 
upper neck of A with a perforated glass, so that there be 
no bubble of air under it, leave it in that state for five minutes 
and if no air bubble appears, the upper vessel may be deemed 
sound ; then attach F to the ga«-holder to be tested, close all 
cocks except between the gasholder and the transferrer, and 
with holder about half filled with air, cause it, by removal 
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of counterpoise weights, to giye 3 inches pressure, mark the 
scale or intended scale of the gasholder at a point opposite 
the index, and if the gasholder bell remains in the same posi- 
tion for five minntes the connections are sound. Put the 
bell of the gasholder in perfect balance by replacing the 
counterpoise weights which have been removed ; then open C 
and allow the water from A to descend into E ; listen for the 
time when it ^ ceases to run, then note the clock and wait &Ye 
minutes to allow for drainage of the upper vessel, then close C. 
With F closed and a vent cock (not shown in the woodcut) 
open, draw off the water from G and return it to A with suffi- 
cient in addition to cause the level to be above the neck of A, 
draw off the excess by the side cock, strike the water with the 
glass across the neck as before, open F and C, and so proceed 
until the gasholder scale is formed : marks, as in the former 
illustrations, being made after each, delivery of air into the 
bell. 

10.' These various methods of using water are, as will be 
readily realized, both slow and exceedingly laborious, for more 
than 62 lbs. of water had to be weighed, measured and lifted for 
every cubic foot of air measured ; and it will be hereinafter 

4 

shown how much more facile and rapid the methods are, which 
have been practised since the year 1861. 

THE SALES OF GAS ACT. ^ 

11. In the year 1859 an Act was passed entitled " An Act 
for E<egulating Measures used in Sales o? Gas." This Act was 
modified by two subsequent Acts, which deferred the date at 
which it was to come into operation, changed some of the 
authorities who were to carry its provisions into execution, and 
finally rendered its application permissive instead of compulsory 
— dependent, in fact, upon the resolutions of magistrates and 



other local authorities. As a consequence of the last alteration, 
many of the authorities neglected to adopt the Act from consi- 
derations, it may be, of the attendant expences. Nevertheless 
the Act is virtually in operation all over the kingdom, for very 
few meters are put into use without having been previously 
verified and stamped by a Public Inspector. 
12. In the original Act it is enacted that — 
Clause II. After the passing of this Act, the only legal 
Standard or Unit of Measure for the Sale of Gas by 
Meter shall be the Cubic Foot, containing 62*321 Pounds, 
Avoirdupois Weight, of Distilled or Bain Water weighed 
in Air at the Temperature of Sixty-two Degrees of 
Fahrenheit 8 Thermometer, the Barometer being at Thirty 
Inches, except as relates to Contracts made before the 
passing of this Act by which a different Unit of Measure 
is adopted, which Contracts may not be renewed. 
Clause III. Within Three Months next after the passing of 
this Act, Models of Gasholders measuring the said Cubic 
Foot, and such Multiples and Decimal Parts of the said 
Cubic Foot as the Lord High Treasurer or the Com- 
missioners of Her Majesty's Treasury of the United 
Kingdom for the Time being shall judge expedient, and, 
from Time to Time after the Expiration of the aforesaid 
Period of Three Months, Models of such further Mul- 
tiples and Decimal parts of the said Cubic Foot as the 
Lord High Treasurer or the said Commissioners shall 
from Time to Time think expedient, shall be carefully 
made, with proper Balances, Indices, and Apparatus, for 
testing the Measurement and Begistration of Meters, 
and such Models shall be verified under the direnction of 
the Lord High Treasurer or the said Commissioners, and 
when so made and verified shall be deposited in the 
Office of the Comptroller General of the Exchequer at 
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Westminster ; and copies of the Models so from Time to 
Time deposited, verified as aforesaid, shall be sent to the 
Lord Major of London, and the Chief Magistrate of 
Bdinburgh and Buhlin, and to the Chief Magistrate of 
such other Cities and Boronghs and to such other places 
and Persons in Her Majesty's Dominions as the said 
Lord High Treasurer or the aforesaid Commissioners 
may from Time to Time direct ; and the said Lord High 
Treasurer or the said Commissioners shall appoint a 
competent Person or Persons to design and make, subject 
to the Approval and by Direction of such Lord High 
Treasurer or the said Commissioners, Stamps of a uniform 
Design to be used for stamping Meters throughout the 
United Kingdom, with only such Variations of Numbers 
or Marks thereon as shall be sufficient to distinguish each 
Inspector's District. 

13. The clauses which follow the foregoing relate to the 
appointment of meter inspectors,, the models, or copies, of the 
standard measures to be used in testing meters, the verification 
of meters, fees for such verification, &c., &c. 

14. In accordance with the provisions of the third clause, 
the following standard of cubic capacity were accordingly con- 
structed under the direction of the Astronomer Royal, namelyf 
a measure of such capacity as to contain 62*321 lbs. of distilled 
water at the temperature of 62^ Faht., and with the barometer 
at 30 inches (which measure is usually called the cuhic foot 
bottle), and three gasholders of the respective capacity of one 
and one-tenth, five and five-tenths and eleven cubic feet. In 1871 
the Royal Commissioners of Weights and Measures increased 
the number of gas measures by including Oas Meters of a very 
perfect character as secondary standards (24). 
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STANDARD GAS MEASURES, 

15. The Cubic Foot Measure, or unit. 
Qasholbebs, containing more than a cubic foot. 
GrAS Meters of special construction. 

16. The Cubic Foot Measure, or Bottle, as it is usually 
called. — This is shown in fig. 4, and is an outcome 
of Mr. Alfred King's Transferrer, shown in fig. 3, 
for the form of the bottle is practically identical 
with that of chamber A of his transferrer ; and to 
that gentleman the credit is due of having been 
the suggestor of a form of vessel so well suited for 
the purpose, and which is so little liable to have 
its form and therefore capacity altered by mode- 

FiG. 4* rately rough usage. 

17. Gasholders. — The Government Standards are very 
elaborately finished and beautif al instruments, far too costly for 
general use. In principle of construction, they are identical 
with those employed by Public Inspectors and others for the 
verification of gas meters in this country, in the colonies, and 
abroad. By these standards, the working or " Inspection 
Standards," as they are called, are verified, and the divergence, 
or error in the latter, must not now exceed a quarter of a 
per cent., only one half the error formerly allowed, but which is 
nevertheless amply sui&cient. The description which follows 
applies ejpecially to ** Inspection Standards," and generally to 
the Government Standards. 

18. An instrument of this kind, fig. 5, consists like an or- 
dinary gasholder, of a water tank and a cylindrical hell or holder 
fitting into the tank. The holder is free to rise to a certain 
height, and is made to contain a specific volume of air or 




gas, and it is con- 
stracted in such a 
manner aa to fulfil 
the following condi- 
tions, viz. : — 



(1.) The vertical 
descent of ■ the 
holder white its 
contents are be- 
ing diseharijed. 
) The adjusta- 
bility of its ope- 
rating weight, so- 
that it shall de- 
liver gat at any 
pressure up to a 
pressure eqaal to 
3 inches head of 
water. 
(3.) The vMiformi- 
ty of its pres- 
sure, whatever it 
may be through- 
out the descent 
of the holder. 
(4.) Great aeeu- 
racy in its mea* 
iurement. 
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19. The vertical descent of the holder is secured by affixing 
to the top and bottom of the holder a certain nnmber of gnide- 
wfaeels. Those at the top of the holder mn against pillars, 
which rise from the edge of the tank, while the bottom wheels 
mn against gnide-plates within the tank. 

20. Secondly the holder is made heavier than is requisite for 
it to give the maximum pressure, and is suspended from the end 
of a cord or strap, which passes over the grooved wheel on the 
beam above the pillars, and sustains also a series of counterpoise 
weights, the removal of one or more of which causes the holder 
to discharge its contents at pressures ranging from one-tenth of 
an inch up to 3 inches head of water. 

21. In respect to the third condition, it is to be remarked 
that when the holder is immersed, it necessarily displaces a 
quantity of water equal to the bulk of the metal composing the 
holder's circumference. If we assume the specific gravity of 
this metal to be seven times that of water, and its bulk to be 
one- tenth of a cubic foot, then the weight of the metal immersed 
would be 43*62 lbs., one-seventh of which, or 6'23 lbs., would 
be the weight of the water displaced, and also be the weight 
which the holder would lose by immersion. To compensate for 
this loss and to render the pressure of the holder equal through- 
out its descent, a spiral curve and a weight are employed. The 
spiral is'formed upon, and curves inwards nearly to the centre 
of, a metal plate, which is fixed on to the end of the spindle 
upon which the large grooved wheel revolves. The weight, 
which i^ proportioned to the compensation required, is suspended. 
by a cord from the outer end of the spiral. When the holder is 
raised to its greatest elevation, the weight acts with its greatest 
force. As the holder descends the large wheel partly I'otates, 
and«the spiral is also turned, so that the cord approaches the 
centre, the leverage thereby becomes less, and the effective 
" pull " of the compensating weight diminishes in exact pro- 
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portion to the weight lost by the holder throughout its 
descent into the water. Formerly iihe compensating curve was 
made with one arm only, and its varying leverage, as it changed 
its position by rotation, caused irregularities in the pressure 
given by the holder. To obviate this evil, the Author about 24 
years ago constructed the compensated, or two-arm, curve shown 
in the wood-cut. 

22. Gas or air is admitted to and discharged from the holder 
through a 8tand*2>^pe, which is fitted to the front of the tank, and 
also passes up the centre of the tank to a few inches above the 
water line. The front or external part of this pipe is fitted with 
two cocks, and with a pressure-gauge and a thermometer to show 
the pressure and temperature of the issuing gas. It is also 
provided at the lower part with a socket and plug, so that any 
water which may by accident have entered the pipe may be 
drawn off. The tank is further provided with a cock at the 
water line, and with another at the base for discharging the 
water when needful. 

23. Accuracy in measurement is secured by filling the bell 
of the gasholder with air, by successive discharges from an exact 
duplicate of the government cubic foot bottle (in the way here- 
after explained), marking the elevation of the bell, for each 
cubic foot of air thus delivered into it, on two vertical scales, 
one affixed to the front, and the other to the back of the bell. 
The primary divisions thus determined are sub- divided so as to 
indicate tenths and hundredths of a cubic foot. When the gas- 
holder is properly levelled and adjusted, the relative divisions 
on the two scales will agree, but if the holder be not levelled 
and adjusted properly, the divisions will not coincide.* In 
practice the front scale alone is generally regarded. In order 



* Sometimes the tank is provided with levelling screws on its base. 
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to enable tbe scales to be accurately observed, a pointer, or some 
other appliance is fixed npon the tank opposite each scale. 

24. Gas Meters. — The standard test-meters are respectively 

20.1ight and lOO-light size, 
of the wet kind, ^g, 6, and 
were made nnder the direc* 
tion of the Author in accord- 
ance with a design submitted 
by him to the Royal Com- 
missioners. The measuring 
wheels of these meters are 
made of very stout incorrod- 
ible metal, and the cases are 
lined with the same metal 
one-eighth of an inch thick, 
so that the meters are as 
durable as the other Govern- 
ment standards which relate 
to gas measurement. Each 
of these meters is provided 




Fig. 6. 



with three water level gauges, and with adjusting screws in the 
feet, so that it can be set to a true level with the utmost facility. 
One of the gauges is also so arranged that the outlet gas pressure 
may be allowed to act within it, through the cock A' or the 
inlet gas pressure through the pipe and cock C, thus enabling 
J;he operator to adjust the water line, either when the meter is 
at rest or when it is in action. The index of ea^h meter is 
centrally placed, and its dial is circular. The indications of 
quantity range from one-hundredth of a cubic foot up to 1000 
cubic feet, and the pointers can be shifted backwards and thus 
set at zero without the necessity for working the meter, or of 
stopping the passage of gas through it if the meter be in action. 
25. Each meter is also provided with a nosepiece union on 
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its inlet for the attachment of tube, and its outlet is surmounted 
by a bend, also terminating in a nosepiece. A thermometer is, 
inserted in a socket on the bend, so that the temperature of the 
issuing gas may be readily observed, while the rate of issue is 
controlled by a cock furnished with an index, so that after hav- 
ing been closed, the cock may be readily re-opened to the desired 
extent. 

The extreme dimensions of the meters are : — 

20-LlGHT. lOO-LlGHT. 

Diameter . 2' 2" Diameter . 3' 8" 

Depth ..16 Depth ..26 

Height ..22 Height ..38 

26. Test meters should generally, in their cqnstruction and 
details, agree with those just described, but need not by any 
means be so elaborately finished and expensive. As usually 
made, a Test-meter has only one water gauge, and the levelling 
is determined by means of spirit levels fixed -upon the top of 
the meter. 

27. Dry meters also of the respective sizes of 20 lights and 
100 lights were, by the recommendation of the Royal Commis- 
sioners on Weights and Measures, obtained for the Standards 
Department, but these certainly cannot be regarded as Standard 
measures, and the Author cannot but think that the Commis- 
sioners made a grave mistake in suggesting that they should be 
had. Certain it is that no inspector who possesses any prac- 
tical knowledge of meters would think of using a dry meter for 
testing purposes, even if such meters were likely to stand the 
process of verification at the Standards Department. The most 
material reasons against the dry meter and in favour of the wet, 
for testing purposes^ are as follows, and these reasons were sub- 
mitted by the Author to the Warden of the Standards in July, 
1870 :— 

28. Dry Meter, — Reasons against. — The measuring- chambers 
are composed partly of flexible material ; and measurement is, 
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moreover, d^^endent on the preservation, nnder all conditions 
of nse, of the absolute soundness of the slide-valves, 'bj which 
gas or air enters into, and is discharged from the measuring- 
chambers. The dry meter is subject to disturbing influences, 
which alter its measuring capacity, and the existence of such 
disturbing influences could not be known at the time of using 
the meter, or even before or afterwards. The meter might, 
nnder conditions apparently identical, or at all events under 
such conditions as an inspector could use it, vary to the extent 
of 2 or 3 per cent., and the inspector know nothing of such 
variation. No means can be devised which will enable a dry 
meter to give internal or external evidence of its measuring con* 
dition, and therefore it would become necessary, if the dry meter 
were used for testing purposes, to re- verify it at frequent 
intervals. 

29. Wet Meter, — Reasons for. — The measuring- wheel of a wet 
meter is composed of inflexible material, and is practically in- 
capable of any variation in capacity, except that produced by 
the elevation or depression of the water level. The measure- 
ment is moreover, independent of any valves whatever. It is 
free from any influences capable of disturbing its measurement 
when used under conditions which the inspector can command 
and control. It affords internal evidence of its own measuring 
condition, for the wheel being inflexible and unchangeable as to 
dimensions, and the depth of it<s immersion being defined by 
lines upon water-level gauges, it follows that it is only neces- 
sary to charge the meter, on every occasion of using, to the 
lines on the gauges, to secure optical evidence of the meter's 
measuring condition ; hence re-testing at frequent intervals is 
unnecessary. 

30. Test-meters were rendered legal secondary standards by 
an Order in Council, dated 24th March, 1871, and the issue of 
that Order was a source of much gratification to the Author, 
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who had for years been an advocate for the nse of test-metersr. 
In the first edition of this book, published in 1862, he said — 

« 

" that such meters would be of the greatest utility for testing 
" large meters which are fixed and in use at public buildings, 
" factories, &c," which meters cannot be remored to^ the In- 
spector's office, except with great difficulty and expense. 

31. The special advantages possessed by a test-meter are it» 
moderate dimensions, and the consequent facility with which it 
can be transported to, and deposited for use in, places where a 
gasholder is inadmissible ; the ease with which it may be used ; 
and the greater accuracy in the results over those obtainable by 
the employment of a gasholder under necessarily exceptional 
conditions. With the latter it is impossible to maintain a 
continuous discharge of gas or of air through a large meter. It 
is, however, to be distinctly understood, that a test-meter can 
never be accepted and employed as an efficient substitute for the 
gasholder in the offices of meter inspectors, of meter makers, or of 
gas companies, inasmuch as it is incapable of adjustments which 
would cause it to deliver gas at difEerent and specific pressures ; 
for although it would be easy to provide means for such adjust* 
ments by the application of a water-wheel, of clockwork, or of a 
pulley and weight, in connection with the shaft of the measuring 
wheel, such application is certainly objectionable and would in- 
terfere with measurement. Henqe, with a test- meter, it is not 
possible to test another meter under any specified conditions as 
to pressure of gas ; but this fact affords no basis upon which 
objections can be raised to the employment of test-meters for the 
purpose advocated. 

32. In order to demonstrate the accuracy with which a meter 
may be tested by another of smaller size, the following experi- 
ments were made : — ' 

(a) A small wet meter was carefully tested by discharging 
through it, aii the exact rate due to its capacity, the entire 
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quantity of air whicli a gasholder contained within the limits 
defined by its scale. The meter was found to agree exactly in 
measurement with the gasholder, 

(b) The meter was then connected to a meter of ten times 
greater measuring capacity, and of precisely the same construe- 
tion as a station-mefcer, Lut without an overflow water-gauge, 
the water-line being defined by a socket opening, and the water- 
level being adjusted when the meter was out of action. Gas 
was then passed through both meters in a continuous flow at 
the precise rate at which the smaller meter had been tested, 
until the measuring- wheel of the larger meter had made several 
revolutions, as indicated by the index. The registration of the 
meters was found to be in perfect agreement, 

(c) The larger meter was then tested at the rate due to the 
small meter, and with the same holder which had been used to 
test the small meter, and was found to agree exactly in measure-; 
m>ent, 

(d) The larger meter was then tested with the same holder 
at higher rates of working, and it slightly and regularly altered 
in its registration, until, on. being worked at its proper speed, 
and when therefore delivering its proper quantity of g|i8, the 
change amounted to the insignificant error of of one per cent, 
slow, 

33. The greatest possible care was taken in these experi- 
ments, which were many times consecutively repeated, to pre- 
serve equality of temperature in the water, in the gasholder and 
meters, and in the air employed. 

34; With such facts as the above before his eyes — facets which 
the Author has repeatedly verified — with a knowledge of the 
manner in which inspectors use, and are obliged to use, gas- 
holders for testing large meters which are away from the testing 
offices, and with the experience of years in the use of the test- 
meter, the Author is forced to entertain a conviction that accuracy 
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is only to be attained, on most occasions, by the use of a test- 
meter for out of office work, and feels justified in advocating in 
tbe strongest terms the employment of a test-meter for snch 
work, and for the pxirpose of determining the accuracy of large 
nleters generally. 

35. As shown in the experiment on the larger meter above- 
mentioned,, a wet meter becomes slow to a certain limited degree 
when worked above the speed at -^vrhich its measuring capacity 
has been determined. The reverse of this takes place When a 
meter is worked helow its speed, and it becomes fast to a trifling 
extent. 

36. The reasons for snch variations are as follows : — A meter 
requires power to drive it ; this power must be derived from the 
gas to be measured, so that the gas must be delivered intc and 
pass through the measuring chambers under some sensible 
pressure, i.e., in a state of compression greater than that of the 
atmosphere, and can only be measured while in this greater 
state of compression. The practical effect of this compression is 
very small (see end para. 32), but sensible and important differ- 
ences in measurement arise from the displacement of water from 
the measuring chambers, which displacement increases as the 
working speed is increased, owing to the greater resistance of 
the wheel, and renders the meter slow, that is, causes it to register 
less than the true volume passed through it. This fact leads to 
an important proposition — viz.. What are the conditions under 
which a test or standard wet meter must be employed, in order 
to secure the closest approximation to true measurement ? 

37. If the capacity of the meter has been determined at its 
normal rate of working, and the water-level defined by marking 
the gaugas when the meter is not working, and when only the 
atmospheric pressure is "acting within it, then the meter must 
always be charged with water to the indicated level when open to 
the atmosphere ; and it must always be used at its normal rate of 
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working, or, if worked at other rates, the per centage of error due 
to such rates mnst be experimentally determined and allowed for. 
Practically, the error due to varying rates is not likely to exceed 
about one per cent. 

38. If the capacity of the meter be determined at its normal|- 
or at any rate of working, and the water-line be defined while 
the meter is working at the same speed, and the pressure of the 
inlet gas be acting in the gauges, then the meter can be made to 
measure correctly at any speed, by the simple process of adjust- 
ing the water-line while the meter is working at the rate desired. 
More water will necessarily be needed in a meter when worked 
at a high speed, in order to provide for the difference in the 
levels within and without the wheel. 



METHODS OF GRADUATING GAS MEASURES 

SINCE 1861. 

39. The merit of having been the first to contrive a means 
for transferring a cubic foot of air directly from the cubic bottle 
into the gasholder to be measured, belongs, the Author believes, 
to Mr. George Glover, although he (the Author) independently, 
and without any knowledge of what Mr. Glover was doing, or 
had done, also devised a method for effecting such transferrence 
of a cubic foot of air. Mr. Glover's arrangement is shown in 
fig. 7. The bottle is suspended upside down from a frame of 
iron firmly fixed by screws to the upper part of a box, within 
which is a water tank of somewhat greater depth than the 
bottle. The tank is suspended by two cords, which pass through 
pulleys at the top of the iron frame to the barrel of a winch 
fixed on the lid of the box, the lid being secured in the position 
shown in the cut by bolts or screws. The plug of the cock of 
the bottle is removed before it is mounted, and the end of the. 
cock barrel covered by two discs of plate glass^ firmly held in* 



position fyiiween brasa plates bolted together. Finally a bent 
pipe, fitted irith a atop-cock, is attached permanently to the 
neck of the bottle, aa abown in the noodcat. From thie pipe a 
tnbe connection ia made to the bolder to be tested. The t&uk, 
being charged with water, is raised hj turning the handle of the 
winch nntil the whole of the air is expelled from the bottle, and 




Fig. 7. 
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water appears in the barrel of the cock between the glass plates ; 
the cock on the bend is then closed, aa ia alao the gasholder cock. 
An intermediate vent cock on the connecting pipe, and the cock 
of the pipe on the bottle are opened, and then the tank is lowered 
to its original position. The operations are repeated as manj- 



times as necesBary. To render the inetnunent portable, the 
frame and winch are taken oS the box, the bottle paclced, &nd 
the lid closed. 

40. The Aathor'a arrangement for oeing the bottle u a direct 
transferrer, or meaaore, 
is shown in fig. g, bnt 
will be best nnderstood 
by reference to fig, 9, 
which represents a stan- 
dard instrament similar 
to those which have 
been made by A. Wright • 
& Co., for the Canadian, 
the Sonth Australian, 
and the Dutch Govem- 
mentfl. 

S. — A strong frame 
of polished mahc^- 
any, with rollers 
below its base, bo 
as to be easily 
moveable over a 
level floor. 
T.— A water tank 
connected by 
chains, passing over 
the pnlleys P, P', 
with the counter- 
poise weights W, 
W. 
Fio. 9. 
B. — Cabic foot measure, open at its lower end and terminat- 
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iBg aboye B in a glass tube, connected bj stuffing 
boxes to the upper neck of the measure B, and to the 
delirery pipes C, C, which terminate in a nosepiece in 
front of the frame S.* In connection with the pipe 
attached to the measure, there are, at the back of the 
Frame S, two cocks, one to cut off the connection of 
the delivery pipe to the measure when a cubic foot 
of air has been expelled, and the other to admit air 
. through the glass tube into the measure during the 
descent of the Tank T. 
C, C, '.—A Bje-pass in the delivery pipes so that the air 
from the measu^^ may be delivered through C (C, 0, 
being closed) at unregulated pressure and speed, as 
when testing a gasholder, or through a wet governor G 
(G ' being closed and G, G, open), at a fixed pressure 
and therefore at a regular rate of delivery, -vy^hich is 
necessary when testing meters with the cubic foot 
measure.f 
41. The Author's method demands but little labour to operate, 
for in addition to the counterpbises, four loose weights are pro- 
vided, and by placing these in pairs on W, W ', the water tank 
is caused to rise, and by their removal the tank is caused to 
descend. The governor is required only when the bottle is 
used to verify a gas meter, and no error can, or does, arise from 
its interve'ntion. The governor havij;Lg been weighted to the 
needful extent (say to give five-tenths of an inch of water pres- 
sure), the bottle, governor, and meter are first connected to- 
gether by pipes, and their aeriform contents brought into 
equilibrium with the atmosphere. The instant the discharge of 
air from the bottle commences, the governor comes into action. 



* The orig^ftl form of closed cock barrel has been reverted to in order 
to avoid Btnffing boxes. 

t The bye-pass has been much simplified and made more effective. 
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and when tlie air Has been completely discharged from the 
bottle, the gasholder of the goTemor descends and delivers the 
air which it has received throngh the meter, and all once more 
comes into equilibrium with the atmosphere. The system has 
been severely tested by the Author, and appears both on the 
grounds of reasoning and of demonstration to be free from ob- 
jections, while it certainly possesses strong claims on account of 
its simplicity, the small amount of trouble it demands, and the 
continued use of the same volume of water, which last may 
therefore be readily brought to and maintained at a due tempe- 
rature. It is to be understood, however, that such direct 
measurement from the bottle is by no means a necessity in the 
case of a meter, and can only be readily applied to small meters. 
The method of measuring meters directly by the transferrer, 
moreover, does not give absolute accuracy, for the cubic foot of 
the bottle is a cubic foot under atmospheric pressure only ; but 
the error is very small, inasmuch as under a mean barometric 
pressure, and with a meter or other measure opposing a resistance 
of so much as half-an-inch water pressure, the reduction in 
volume would be no more than 1- 768th part, or just over Jth 
per cent.* 

42. By the use of the bottle as a direct transferrer, all the 
errors which attach to an intermediate air chamber are avoided. 
Why errors of so grave a character as he found are caused by an 
intermediate air chamber, the Author, even now, is unable to 
say ; but it was in consequence of such errors, that in the year 
1861, after a week's unprofitable labour with a King's trans- 
ferrer, he was led not only to cast the latter aside, but from 
pressing necessity to devise a method whereby to apply the 
bottle as a direct measure. 

43. The frontispiece shows the manner in which Hartley's 

* Other methods of using a cubic foot bottle are described in the 
latter part of the hook. 



26 

transferrer is connected to a perfectly adjnsted "Inspection- 
Standard " gasholder, for tlie purpose of graduating the bell 
into divisions each equal in capacity to 1 cubic foot. The con- 
nection between the two instruments is made by a short piece 
of the best india-rubber tube, and the governor G of the trans- 
ferrer is shut off from the circuit. The water in the gasholder 
tank, in the tank T of the transferrer, and the air in the testing 
room, must be of the same temperature, and should be as 
nearly at 62^ Faht. as is possible, although the Author has 
found, in his very extensive experience in the graduation of 
gasholders, that no sensible difference in capacity exists between 
gasholders graduated with the water and air at 45^ and at 65° 
Faht., but it is of the utmost importance that the temperature 
of the water and the surrounding air be the same. How im- 
portant will be readily understood when it is remembered that 
air changes in volume about one per cent, for 4P Faht. at 
ordinary temperatures. Hence, if the air were higher than the 
water by such a difference during the testing of a holder, errors 
far greater than are permitted would be produced on the scale. 
The first operation is to test the soundness of the bell and con- 
nections. To do this, the bell of the gasholder is raised to its 
highest elevation, as is also the tank T of the transferrer. All 
the weights M are then removed from the gasholder so as to 
cause it to give 3 inches pressure. A mark is then made on 
one or both scales of the gasholder bell, and all is left at rest 
for at least half-an-hour. If the bell has remained stationary, 
testing may be commenced. The tank T is lowered, the bell R 
nearly emptied of air, the weights M replaced, and marks made 
on the front and back scale directly opposite the pointers which 
are fixed on the top of the tank. T is again raised to the needful 
height, and a cubic foot of air is thereby driven into the holder. 
The delivery stop-cock of the transferrer is closed, and the air- 
cock is opened to the bottle. While one of the operators marks 
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the scales of the holder, the other lowers T, and thereby re- 
charges the bottle of the transferrer with air, and then closes 
the air-cock. Snccessiye deliveries are in this way made into 
the holder with considerable rapidity, for the Anthor compen- 
gates for water adherent to the interior of the bottle, which, 
however, is very small in quantity, and if neglected would only 
induce an error of about 1 -3000th part in a cubic foot. Each 
cubic foot division thus measured on the scales is divided into 
10 parts, and sub-divided into lOO^arts when engraved. 

44. In the verification of an " Inspection Standard " at 
Governmental departments, the cubic foot bottle is not employed, 
but the gasholder to be verified is connected to the Government 
Standard gasholder, and air is passed several times from one to 
the other in succession. The respective scale indications being 
observed when both gasholders are balanced, i.e., giving no 
downward pressure. Equality in temperature is strictly re- 
.garded in relation to both air and water. And at the Standards 
Department of the Board of Trade in this country, such verifi- 
cations are carried out at the temperature of 62^ Faht. as nearly 
as possible. 

ON THE KINDS OP METERS TO BE TESTED, &c. 

45. By the 12th Clause of the " Sales of Gas Act," it is 
enacted that : — • 

" No meter shall be stamped which shall be found by i;he 
inspector to register, or be capable of being made by any con- 
trivance for that purpoiSe, to register, or by increase or by de- 
crease of the water in suoh meter, or by any other means 
practically prevented in good meters, to register quantities 
varying from the true standard measure of gas more than two 
per centum in favour of the seller, or three 'per centum in favour 
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of the consumer; and every meter, wbetlier stamped or un- 
stamped, which shall be found by such inspector to register, or 
be so capable of being made to register, quantities varying 
beyond the limits aforesaid, shall be deemed incorrect within the 
meaning of this Act ; and every meter which shall be found by 
any such inspector to measure and register quantities accurately, 
or not varying beyond the limits aforesaid, and shall be found in- 
capable by any such means as aforesaid of being made to register 
quantities varying beyond the limits aforesaid, shall be consi- 
dered to be correct, and be stamped as aforesaid in such manner 
and on such part of the meter as shall be specially directed by 
the authority appointing him, or in default of such direction as 
shall, in his opinion, best prevent fraud. Provided always, 
that every meter having a measuring capacity at one revolution 
or complete action of the meter of not less than five cubic feet, 
and having permanently marked upon it in some conspicuous 
place, the words * without float,' shall be stamped by the in. 
specters, if found correct, within the meaning of this Act, in all 
other respects except that it is capable of being made by abstrac- 
tion of water to register incorrectly against the seller of gas, but 
it shall not be lawful after the time aforesaid to use in thie sale 
of gas any such meter, when so stamped by the ini^pector, except 
by wi-itten agreement between the buyer and seller, specifying 
that this description of meter shall be used." 

46. It will be seen from the above clause that two classes of 
weti meters are permitted to be stamped, viz., those which are 
in capable, and those which are capable of being made to register 
more than three per centum against the seller, on condition, in 
respect of the latter, that such meters shall be of such size as to 
pass at least five feet per complete action, and be distinctly 
marked with the words " without float." Many, if not most, of 
the meters *' without float," will be the kind called ** station 
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tneters," from the fact of tbeir constmction being identical with 
those naed in 'gas works and stations for measuring the gas 
mannfactnred. ' 

47. Meters of the kind just mentioned, as well as all others 
of five or more cubic feet measuring capacity per revolution, 
which have no fioat must he inscribed aa " without float," and 
these words are beat put on a bad{!e bearing the maker's name, 
number of the meter, and its capacity' per revolution and per 
hour. The badge should be screwed on to the front of an iron, 
cased meter, and the inspector's stamp should cover one or more 
of the screw heads. 

48. Every meter submitted for testing to an inspector ap- 
pointed under the " Sales of Gas Act," must have affixed upon 
it a badge, specifying " its measuring capacity at one revolution 
or complete action of the meter, and also the (Quantity per hour 
it is intended to jueaeure in cubic feet, or multiples or decimal 
parts of a cubic foot." 

49. On every ordinaiy 
wet meter there are two 
pJnga, one on the upper 

' part, Galled the charge- 
plug, and one at the lower 
part of the case, called the 
syphon or overflow plug. 
Both these plugs are iu 
&ont of the meter case. 

50. In the index of 
every ordinary wet meter, 
there is a small metal 
drum as shown in fig. 10 ; 
or, in lieu of the drum, 
au additional circle on the 





Fig. 11. 



index plate, as in the di^ 
meter; fig. 11. This drum or 
circle Ib divided into 2, 5, 
10 or more principal parts, 
representing &b many cubic 
feet of meaBurement by the 
meter. It is by finding the 
quantity of gas, measured 
by the gasholder, which is 
required to pass through 
the meter in order to cause 
the index dmm, or the 
pointer of the circle, to 
make an entire revolution, 
that the accumcy or the 
inaceu«wy o£ the meter is 
determined. 



STATION METEES. 

51. Wet meters of the kind designated in the trade as 
Btation meters, simply because they are in form and construc- 
tion similar or identical to theme employed in gas works, have 
also to be tested, and for the larger sizes of these the test 
gasholder is useless, and the test meter must be used. 

Ii2. A station meter may, as to ite case, be a simple cast iron ' 
cylinder, or a segmental cylinder (fig. 12), or a rectangular plain 
or ornamental cast iron tank (fig. 13), and the measuring 
capacity of its wheel may range from 5 feet per revolution up 
to 1000, or even 2000 cubic feet. 

53. With all station meters, the index is placed in the centre 
of the front, and the gas-inlet is in the centre of the back, the 
gas-outlet is also at the back and on one side of the inlet. Both 
the inlet and outlet openings are fitted with flanges for the 
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attachmeiit of the main pipes. Tlie water-level of the meter is 
indicated < on a gange, similar to* a boiler-gange, affixed to the 
meter cas&, the glass tube of the gauge being protected bj a 
sheath or other contrivance bearing the maker's number of the 
meter and the water level mark or indicator. This sheath or 
contrivance should be stamped by the Inspector when such 

a meter is tested. Sometimes this gauge is 
so affixed to the meter as to be acted upon by 
the outlet pressure, it then shows the dead 
level of the water, i.e., the level when the 
meter is not working, but it is better to con- 
nect the gauge to the inlet, so that it is 
acted on by the inlet pressure of the gas as 
in fig. 14, where the pipe P is supposed to 
connect the gauge with the inlet, for a con- 
sideration of the conditions under which a 
meter measures gas (35 to 38), shows clearly 
that all meters to which gauges are affixed 
to indicate the water-level should have the water^ 
line defined while the meter is in motion. The 
advantages are, that an Inspector may test 
a wet meter at any convenient or possible 
rate of speeof marking the "working line" 
while it Was in action, disconnect his testing 
apparatus, set the tested meter in full action, 
and then add the needful quantity of water to make it mea- 
sure correctly. Further, an inspection of the water-line when 
the meter is in full action will at once show whether it is pro- 
perly charged. The increased accuracy of registration on 
this system would, in many instances, amount possibly to 2 
per cent. On the usual system th)^ gas must be shut off from 
the meter before the water-level can be adjusted, causing at 
times much trouble and inconvenience. 







Fig. 14^. 
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54. Some meters are provided with a gauge Bitnilapin. con- 
atmction to that shown in fig 15 As shown it u a box rect 
angnlar m shape attached to the me 
ter case and m communication with 
the interior thereof at a point x below 
the water hne of the meter P is a 
pipe connecting the box with the inlet 
of the meter bo that the inlet pressnre 
of the gas may act within the box 
18 a vertical pipe screwed through the. 
bottom of the box and naing therein 
to the needful height for it« top to 
comcide with the water level The 
bottom of 18 sealed in a Inte from 
which a pipe extends to a sink or 
dram A meter which is piovided 
with such a gauge as this cannot he 
overcharged with water for any ex 
cess which may be run into the meter 
at once fiows away through O It is 
usual with large station meters in gas- 
worke to keep a constant stream of 
water, flowing into the meter, for the purpose of maintaining 
the water-level within the measuring wheel Ets equable as poB- 
fiible under varying rates of speed (36), and also for the pur- 
pose of keeping the water in the meter in as clean a condition 
as possible. The box being subject to the inlet pressure, and 
the top of the pipe O coinciding with the line of true measure- 
ment within the wheel, it will be apparent that when the 
working speed of the meter is increased, the incoming water 
Boon restores the true level, and that when the working speed 
slackens the increased rapidity of the outflow soon disposes of 
any excess. 
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55. Anotber form of water-level gange is aliown id fig. 16. 
This form was devised by Mr. Mills, Meter Inupector of the 
Metropolitan Board of Works, at 
WestminBter. It serves simply as a 
seal box, and is acted on by the ontlet 
gaa tbrongh the hole G, the water en- 
tering the boi from the meter through 
a lower hole. The pipe P is cnt to 
the water-line, and the water flows 
into C, thence throngh the channels 
D, E, into the outer chamber F, and 
out at the spoat. The advantage of 
this box is that an excess of water can- 
not be ran off, or syphoned out from 
F, for, although it may be syphoned 
from E, P, yet, as the water column is 
broken above E, the channels D G re- 
main charged, thereby preserving the true level and prevent- 
ing the escape of gas. 

There are several other forms of over-flow water-level gauges, 
bat those which have been described embrace the principles on 
which all are constructed. 




Fia. 16. 



APPARATUS REQUIRED FOR THE VERIFICATION 
OF GAS METERS. 

56. Onb OB UOBB Insckction STAnrABD Gasholders. 

In towns where a large number of meters will require 
to be tested, four or even six gasholders may bo needed, 
but in most cases two will be sufficient, and the viost 
■useful are those of ten cubic feet nominal capacity. In 
some cases a five-feet holder is used for testing for sonnd- 
ness, and a ten-feet holder for the test for registration. 
One-foot holders ai'e useless for meter testing. 



35 

Two Lengths op Flexible Tube fob each Holdee. 

These are fitted to meters with screwed brass sockets to 
receive cones of the several sizes required to fit the 
. Tmions of gas meters. One of. these tubes is attached to 
the outlet of the gasholder, and the other to the pipe 
which conducts gas from the meter under testing. 



A Pboving-Bench. 

This may be a strong table- of wood with a lead covered, 
or a slate top, which must be perfectly level, or it m^ay 
• be a cistern about 6 ft. 6 ins. to 6 ft. loi^, 2 ft. 6 ins. 
wide, and 2 ft, 6 ins. deep ; its elevation to the needful 
height being effected by placing it upon blocks or 
brickwork, leaving a part of the space below open from 
back to front. The edge of the front plate of the cistern 
should be one inch above, and the edge of the iach arid 
end plates three inches above the level of the top slab. 
The top slab should be 1 in. or 1|^ in. thick, the edges, in 
the direction of its length, should be rebated, and the 
upper surface be planed perfectly flat. The width of the 
top should be 3 ins. less than the internal width of the 
cisiiem, and it should be so adjusted as to leave an open- 
ing along the back of the. cistern 2 ins. wide, and an 
opening the front of the cistern 1 in. in width. These 
openings should be covered with strips of perforated zinc, 
fitting upon the rebates of the top and into saw-cuts in 
the back and front plates. The gratings, thus formed, 
permit the free flow of water into the cistern when wet 
meters are being emptied, after having been tested. The 
raised edges round the top of the cistern prevent the 
slopping over of water. The cistern should be fitted with 
water-supply pipe and balUcock, and with an overflow or 
waste-pipe. As the water has to be drawn from the 
cistern for the purpose of charging wet meters, a 87)iall 



37 

puTTvp is also required, whicli may be fixed on the cistern 
as shown, or be placed in any other situation which voaj 
be more convenient. 
One oe more Floats. 

Each float consists of a length of 2-inch iron tnbe, 
monnted along its length by 20 brass cocks, each sup- 
porting a burner. The 2-inch tube terminates with an 
Ij blow-ofE cock. 
Two OE MOEE Gas Torches, 

each with 10 feet of flexible tube. 
A Clock, 

indicating seconds, minutes, and hours, striking at the 
end of each minute (when required to do so), and going 
eight days. 
A Pair op. Double Blast Bellows. 

These are only required when air is used for testing 
meters instead of gas. 
Thermometers. 

For taking the temperature of air and of water. 
67. A convenient arrangement for two gasholders is shown 
in the illustration. The proving-bench stands between two 
gasholders, one of which is for use with gas, while the other 
on the right, is for use with air, its inlet being connected to 
a pair of double-blast bellows. From the outlets of the 
holders, the flexible tubes are extended and terminate in the 
brass sockets^ into which the cones, of the size requisite to fit 
into the unions of the meters about to be tested, are screwed. 
These tubes and cones serve to connect the gasholders to the 
inlets ' of meters. Similar connections are needed for the 
outlets of meters, and are shown on the pipes which descend 
to the floor, and on the gas side are continued to the flx>at 
of lights enclosed in the chimney breast. On the air side the 
pipes should, be extended to some convenient point of dis 
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charge beyond the room, in order to prevent smell and the 
possibility of the explosion of the mixture of gas in a meter, 
which has been tested for soundness, with the air from the 
holder. Immediately beyond the point of its junction with the 
flexible tube, the pipe which carries off the air or gas from the 
outlets of meters should be fitted with a thermometer, and if air 
be used for testing, it should be also fitted with a 2-inch cock. 
The use of these, as well as of the cock on the end of the float, 
will be explained further on. It will suflSce to say here that the 
last-mentioned main-cock should be fitted with a piece of 1^ iron 
piping projecting into the chimney, in order to carry off uncon- 
sumed gas. The float of lights is enclosed in a frame of wood 
or iron, the upper half closed in, while the lower part is pro- 
Tided with a sliding glazed shutter, which is to be drawn down 
when many lights are burning. The bottom part of -the frame 
is left wholly or partly open for the passage of air to the flames, 
and at the top inside, an opening made into the chimney. In 
some cases the burners may be fitted in the space usually occu- 
pied by the stove. If there be no chimney available, and the 
room be open in the roof and well ventilated, the float may be 
fixed at any point in the room, at a height of at least two feet 
above the tops of, and as far removed as possible from, the 
holders. 

58. The clock shown is of the description called a minute 
clock. It is constructed to strike every minute, when it is re- 
quired to do so, and is extremely useful in the adjustment 
of the gas, passing through meters, to the required rates per 
hour (67), 

69. A torch burner for applying a flame round the meters 
and connections during the gas test is necessary, and another 
is required for the float of lights. Each consists of a small 
burner fitted on a short handle, and supplied with gas through 
a flexible tube. 
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60. The advantages of the proposed arrangement are : — ^The 
apparatus is brought into close and convenient proximiiy — ^the 
water used for wet meters, by being kept in the cistern, is 
maintained as nearly as possible at the same temperature as that 
in the gasholder tanks, and by repeated use becomes charged 
with gas and with its condensible constituents* — the heated 
products from the gas consumed in the float of lights are pre- 
vented from seriously affecting the temperature of the room, 
while the use of two gasholders at one bench facilitates the in- 
spector's operations, as he can readily conduct the tests for 
soundness and for registration at the same time. 

61. As meters of too large a size to be placed on the proving- 
bench have sometimes to be tested, it is advisable to provide 
a level slab or grating in front of the proving-bench for such 
meters to stand upon, and when the meter evidently requires for 
its verification the delivery through it of more than 10 cubic 
feet of air or gas, its inlet should be connected to the outlets of 
both holders by means of a coupler, so thai, the holders may be 
successively discharged, and as, in some cases, the contents of 
even two holders will be insufficient, it is advisable also to 
arrange their inlet pipes so that both can be expeditiously filled 
either with air or with gas. If these arrangements be made, 
the holders can be alternately filled and discharged, and a con- 
tinuous delivery of air or gas through the meter be maintained 
for any length of time. 

• " Water is never met with naturally in a state of purity. Bain water, 
** collected after a long continuance of wet weather, approaches nearest to 
" it, but even this always contains atmospheric air to the extent of about 
** 2k volumes of air in 100 of water '* (Milner's Inorganic Chemistry, p. 41). 
Water possesses a [like power of absorption on all gases, but in varying 
degree. Clean water induces also a partial condensation of the hydro>carbon 
compounds of coal gas, hence the water used to charge wet meters, in testing 
operations, should be as nearly as possible saturated with gas (and its con- 
densible constituents. If clean water be used the gas should be allowed to 
flow through the meter for a little time before the test is made, and the purer 
the water the greater the necessity, as a rule, there is for this practice. 
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62. In the Engraving and foregoing remarks, one holder is 
represented for use with air. The Author considers, however, 
that it is best to nse gas for all the testing operations, and for 
the following reasons : — ^first, it is difficult to ascertain with air 
whether the joints of the connections are sound, which can 
easily be determined by the application of a flame when gas is 
used ; secondly, it is far more difficult to register wet meters at 
the low- water level with air than it is with gas. If air be used 
the bellows are not indispensable, but without them the time 
and labour in filling are at least quadrupled. 

INSTRUCTIONS 

FOR FITTINO UP AND ADJUSTING 

INSPECTION-STANDABD OASHOLDEBS. 



63. (a). Place the tank in the position which it is to occupy 
on a solid, firm, and level base. 

(b). Place the graduated bell within the tank, with the side 
which carries the brass number badge to the front of the tank. 
Take care in putting the bell into the tank that the bottom 
guide rollers fit the guides which extend from the top to the 
bottom of the tank. 

(c). Place the two pillars in their respective positions (indi- 
cated by corresponding numbers or marks) on the top of the 
tank, and secure them loosely, but safely, to the tank by 
means of the bolts furnished. In setting the pillars up, take 
care that the top wheels of the bell run easily in or upon the 
guide grooves or ribs of the pillars. 

(d). Place the beam on the tops of the pillars and secure 
it, but not too tightly, to the pillars by means of the screws 
provided. No mistake can be made as the screw holes 



iWy placed at tha two ends and on the tops of the 
pillars.* 

(e). Note (by 
means of the screw 
holes in the beam 
Beatings and in the 
flanges of the wheel 
standards) which 
standard is to be 
placed on the front 
side of the beam. 
Into the bearing of 
this front standard 
insert the sKort jonr- 
nal of the spindle of 
the wheel L, the 
longer joamal will 
rest in the bearing 
of the back stan- 



• When two gMhold. 
en are sapplied fur use 
iu the name testing 
room, the; are made 
ri^ht and left handed in 
reapect to the poeidon of 
the weights in order that 
tbej may stand coDve- 
nientlj, as Bbown in the 
illustration of testing 
appsratna, at the ends 
of the same proving. 
bench ; when, however, 
a single gasholder is to 
be employed, itisnsnally 
made right handed, un- 
less specially required 
otherwise. 
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dard. Fix the standards and wheel above the beam by means 
of the screws provided.* 

(/). Attach the wire cord by means of its nnt to the bell, 
pass the cord over the wheel L, and suspend the back weight 
only by means of its hook to the eye on the free end of the cord. 

(y). Place the compensating cnrve on the square end of 
the wheel spindle, and secure with the nut. Attach the com- 
pensating weight (N) to the nut at the end of the cord, and 
pass the latter into the groove, so that the weight hangs freely 
from the curve. With the bell resting on the bottom of the 
tank, turn the wheel L until the cord cuts, or crosses the centres 
of the two holes which are stamped in the plate of the compen- 
sating curve. 

(k). Place the loose weights, viz., 

Five, five^tenths of an inch pressure weights 
Two, twO'tenihs „ „ „ 

One, one'tenth „ ' „ „ 

upon the back weight, as at M. 

(Z). Next, carefully observe whether the cord by which the 
weights p-re suspended hangs parallel with the pillars when re- 
garded both from the side and front of the gasholder. If it 
does not, the gasholder must be re-adjusted until the cord does 
hang in the manner indicated, or, at all events, very nearly so. 

(m). Now charge the tank with water up to the height indi- 
cated by the w£j.ter-line cock, which is a few inches below the 
top of the tank. 

{n). At this stage it is advisable to try the working of the 
instrument. To do this, place a two pound weight on M (if it 
be a 5 or 10 cubic foot gasholder), when, the cocks being open, 



• If the V shaped grove of the wheel be at all greasy, the gprease must 
be completely removed, and the V surface dusted with emery or similar 
powder, otherwise there will be danger of wheel slipping when the compen- 
sating weight N is attached, and the bell be raised to its full elevation. 
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the bell Bhould rise easily to its full elevation. Supposing this 
to be the case, remove the two pound weight from M and place 
it on the top of the bell as near to the centre as possible, and the 
bell should descend with freedom. K there should be any 
excess of friction, the bell may cease to move, or move very 
sluggishly. In such case adjust the pillars, the wheel standards, 
&c. (all of which can be sufficiently shifted to ensure freedom in 
the motion of the bell), and oil the several bearings. Finally, 
fix the screws and bolts of the various parts. If excessive fric- 
tion be still manifested, examine the bottom rollers of the bell 
and the guides in the tank in order to see if they have been in- 
jured. Tliere ought to be no difficulty in adjusting the instru- 
ments to work easily under an operating weight of two pounds. 
Every Qasholder made bg A. Wright Sf Co, is proved to he cjfec- 
Mve under such operating weight and even at times under a lesser 
weight, 

(o). Fix the thermometer I and pressure gauge J (the 
latter charged with water to the zero line) in their places on the 
stand-pi]^. Put the plugs which carry the pointers into the 
sockets on the edge of the tank. The pointers should be about 
Ij inch above the level of the tank, and to bring the 11 cubic- 
foot line of the scales level with the pointers, the bell must be 
slightly raised. Baise the bell until the 1 1th or top line is cut 
by, or coincides with the pointer of the front. Adjust the back 
pointer if needful till it coincides also with the Ilth cubic-foot 
line of its scale. Close the cocks, and again place a two pound 
weight on M, then partly open one of the cocks and allow the 
bell to rise until the 10th cubic-foot line is opposite the front 
pointer, instantly close the cock, and see that the pointer at the 
back is also opposite the 10th cubic-foot line of scale. Proceed 
in this way with every numbered line to zero, then remove the 
pound weight and also a twO'tenth weight from M, and repeat 
the operation with the bell descending. The scales have been 
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in absolute agreement when graduated, and should, when tlie 
holder is refitted, agree to within less than one'hundredth of a 
cubic-foot division in rising, but in descending there may be a 
little greater discrepancy owing to the swing or play which 
must be allowed to ensure freedom from friction. If the scales 
disagree to any considerable extent with a rising bell, the level 
of the tank must be readjusted so as to bring the scales into 
closer agreement. It may be remarked, however, that readings 
are seldom taken from the back scale, as the measurement by 
one scale is sufficiently accurate. 

(jp). Finally raise the bell to its full height, close both cocks, 
remove all the loose weights M, leaving only the back weight 
hanging to the cord, and let the bell descend until the zero line 
of the observed scale is opposite the pointer. If any leak exists, 
examine and make sound the junctions of the thermometer, of 
the pressure gauge, the left hand top screw of the latter, and of 
the cock at the bottom of the front stand-pipe. When apparently 
quite sound, let the bell remain up subject to 3 inches pressure 
for at least half-an-hour. The cock at the bottom of the stand- 
pipe closes an opening by which any water accidently driven 
into the stand-pipe may be allowed to escape. 

(q). After the gasholder has been put into use, it should be 
examined at least weekly, — 

1st. In respect to height of water in the tank. 
2nd. Soundness. 

3rd. Position of compensating cord in relation to gauge 
holes in the plate of the compensating curve. 

TESTING OPERATIONS. 

64. Before a wet meter can be tested, it must be properly 
charged with water. The manner of effecting this is as follows :— 
Remove the corks or stoppers which are usually placed in the 
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inlet and outlet anions by .the maker, or, hetter^ take off the 
caps and linings. Set the meter, if of moderate size, on the 
proving-bench-— or, if it be a large one, on the ground or floor — 
taking care that it stands perfectly level. Remove from ordinary 
meters the two pings mentioned in a preceding paragraph (48), 
and pour water through the socket from which the charge-plug 
is removed until a free flow ensues from the meter at the syphon 
socket. This is the only way by which a proper charge of water 
can be insured with many " consumer's " wet meters. Leave 
the meter undisturbed till dripping of water has ceased, replace 
the plugs, and the meter is ready for testing. 

65. Dry metei's require no other preparation for testing than 
the removal of the stoppers, or, of the caps and linings, and the 
placing level on the bench. 

<66. Cones of suitable size to flt into the unions of the meters 
to be tested are to be screwed into the sockets on the ends of 
the flexible tubes of gasholders (57). The cones on the gas^ 
holder pipes are to be inserted into the inlets, and the cones on 
the other pipes into the outlets of the meters. The junctions 
must then be made sound with a little putty pressed round the 
cones and upon the tops of the unions. 

&!, By Clause 13 of the " Sales of Gas Act," it is enacted 
that:— 

" The following rules shall be observed by the inspectors in 
* testing meters under the provisions of this Act : — 

" Firstly, the meter shall be tested for soundness and leakage 
only, and not for per-centage of error, when fixed on a horizontal 
base, and with the gas under a pressure equal to a column of 
water three inches high, with a light or lights consuming not 
xnore than one-twenfcieth part of its measuring capacity p&r hour 
marked thereon, nor less than one-half of a cubic foot per hour, 
for all meters of a measuring capacity not exceeding one hundred 
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cubic feet per hour, and not more than one-fortieth part of its 
said measuring capacity p^ hour, for all meters of any greater 
measuring capacity per hour than one hundred cubic feet ; and 
all meters found to work under such test shall be deemed sound 
meters, and any meter found not to work under such test shall 
not be stamped. 

*' The meter to be tested for per-centage of error shall be 
fixed on a horizontal base, and shall be tested at a pressure equal 
to a column of water five- tenths of an inch high, and passing the 
quantity of gas or atmospheric air jper hour which shall be marked 
thereon as its measuring capacity per hour, and the water used 
in such testing, and the air of the room in which such testing 
shall be made, shall be as nearly as practicable of the same tem- 
perature as the gas or air passed through the meter." 

68. Dry Meters. — ^With these the testing operations are 
two in number, viz. : — • 

Test for soundness. 

Test for per-centage, Fast oe Slow. 

69. Wet Meters. — ^With these the operations are three in 
number, viz. : — 

Test for soundness. 

Test for per-centage, Fast. 

Test for per-centage. Slow. 

70. The gasholder having been filled with gas from the ser- 
vice pipe connected with one of the cocks of the holder, the 
meter placed on the proving-bench, charged with water, and 
the plugs replaced if the meter be a wet one, and its inlet and 
outlet connected with the proper pipes, in accordance with pro- 
ceeding paragraphs, the mode of performing the testing opera^ 
tions may now be illustrated. 

71. Test for Soundness. — The Act prescribes that the rates 



at which gaa shall be paBsed through meters under this test, 
ahall be as follow : — 



Meters of a capaoitj to 
paaa 10 cable feet or 
lesB per boor. 


Under this teat are 
to pass 


Half-iAnbio foot per 
hour. 


Meters of a capacit; to 
pass from 10 to 100 
feet per hoar. 


Under this test are 
to pass 


1.20th 


ll 

n 
It 


Meters of a capacitv to 
I^H more than 100 
feet per hour. 


Under thu test are 
to pass 


1.40th 



Half a cubic foot per hour is SS-thoosandths of a cnbic foot per 
minute. In practical work this may be taken as one one- 
bnodredth of a cubic foot per minute, and for meters of the 
larger sizes, Ike following rates per minnte ma; be adopted ae 
quite near enoi^h : — 

CLASS 2. 



Capacity cubic foet per 


m 


IS 


20 


30 


40 


So 


to 


SO 


100 


Bfttes per minute in 
lOOtha of a cabic foot 


1 


1 


8 


3 


a 


4 


5 


1 


8 


CLASS 8. 


Capacity cabic feet per 


120 


130 


150 


200 


250 


300 


350 


400 


Bates io lOOths of a cabic 
foot per minnte . 


S 


6 


6 


8 


10 


12 


15 


17 



72. With, say half-inch pressure on the gasholder, pass 
mfficient gas through the meter to expel the air. When this is 
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done, shxit off the gas and remove all the loose weights of the' 
gasholder in order to obtain three inches pressure. Close all 
the cocks on the float of lights, and turn on the gas to the 
meter. Then#pen one or as many burners as may be necessary, 
and regulate by their cocks until gas is passing through the 
meter as nearly as possible at the rate prescribed by the Act. 
Next, pass the flame of a gas-torch round the meter and con- 
nections. Should a leak exist in any part of the case, the meter 
must be rejected as unsound, as it must also be if the index fails 
to record the passage of gas. In this test it is sufficient to deter- 
mine that the index moves, and in something like apparent 
agreement of registration with the. gasholder. 
; 73. To save time with small meters it is a good plan to have 
a few platinum or steatite jets with orifices of such size as to 
allow about half-a-cubic foot of gas to pass per hour under a 
three-inch pressure. These burners if mounted on short stems 
or pillars provided with cocks, can be affixed to the outlets Df 
the meters, and the adjustment to the required rate per hour 
quickly made. The gas passing from larger meters, must be 
consumed at the float, as the heat given out would affect the 
temperature near the holders. 

74. Excess ob Fast Test. — Having determined the sound- 
ness of the meter, turn off the gas, and, if the same holder be 
used, replace as many of the weights as will reduce the pressure 
to half-an-inch. If the meter be a wet one, remove the outlet 
connection of meter, and take out the charge and syphon plugs ; 
if any water flow out, add more, and allow the excess to drain 
off. Replace the outlet connection and open some of the burners 
(67) ;- turn on the gas and adjust the cocks until the meter is 
working at its proper rate per hour.* Observe the index drum 

• 

* The regulation of speed must in all cases be made by adjustment of 
the cocks beyond the outlet of the meter, and not by the gasholder copk* It 
is for the purpose of adjustment of speed that the cock is placed on the air 
ontlet there being no float of lights on the air side. 
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(50), and as soon as a figured division is broughi directly under 
the pointer, turn ofE the gas. Re- fill the holder to the zero 
point, and then pass gas through the meter until the index drum 
has made an entire revolution and the division started from is 
again brought under the pointer, shut ofE the gas, and read on 
the gasholder scale how much gas has been used. As, in almost 
every case, a quantity more or less than an exact number of 
cubic feet will be used from the holder, while the meter will 
always record an exact number of cubic feet, it follows that the 
per-centage of error can only be arrived at by a proportion.* 

75. Thus, if the gasholder reading be 99 cubic feet, and the 

meter record 100, the per-centage of error will be I'Ol per cent. 

fast — 

99 : 100 : : 1 : 101. 

If the registration of the meter does not exceed 2 per centum 
fast, or in favour of the seller, it is correct within the meaning 
of the Act, and if it be a dry meter must be stamped, but if it 
be a wet meter it must then be submitted to another test. 

76. Deficit oe Slow Test..— With the gasholder still in 
communication with the inlet of the meter, and the outlet of 
the latter delivering gas to one or more burners, draw ofB suffi- 
cient water by means of a syphon dipping into the meter, through 
its charge ring, in order to bring the float down, and thereby 
close the inlet valve. The instant this is effected the gas will 
cease to pass to the burners, and the flames will be extinguished. 
Sometimes it may be most convenient to tilt the meter, and so 
draw ofE water from the lower socket. If this be done, the 
meter must be restored to a horizontal position, and a gas- torch 
flame applied to the burner or burners in order to make sure 



* To save trouble in making calculations, a Table, extracted from a more 
extended one, compiled and printed by the authority of the Board of Works 
for the use of their inspectors, showing the per-centages on various 
quantities, is given at the end of the book. 
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that no gas is passing. Xext, witH gas still turned on, pour 
water very gently into the meter, tapping the meter with the 
linger the while, until the float rises and allows gas to pass 
freely. Care must be taken not to add more water than is 
absolutely necessary to lift the float, and it is to assist the rising 
of the latter that the tapping is recommended. While perform- 
ing this operation, a small flame should be applied to the float 
burners, so that the instant the gas passes it may become appa- 
rent from its ignition. 

7V. I^ow take starting points on the index drum (50) and 
on the gasholder scale, as in the former test, and register. If 
the meter be not more than 3 per cent, slow, it will be correct 
within the meaning of the Act, and must be stamped. 

78. When testing large meters, do not attempt to bum all 
the gas, as great heat would be given out, but open, or partly 
open, the large cock on the float of lights, so as to permit a 
portion to escape unconsumed into the chimney. 

79. In the foregoing, the process of testing with gas has 
])cen explained. Air can, however, be used without diflBculty in 
the test for per-centage of error /as^, but not so easily in the test 
per-centage of error slow, except when the measuring wheel is 
visible through the outlet of the meter. In such cases proceed 
as follows : — After drawing off water, remove the outlet con- 
nection from the meter, and nearly cover the outlet union with a 
small piece of glass. Turn on the air, pour in water, and gently 
tap, as before directed ; while doing so look through the glass 
down upon the measuring wheel, and, as soon as this is observed 
to move, cease to add water ; replace outlet connections, and 
proceed to register as with gas (104). 
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CORRECTIONS FOR TEMPERATURE. 

80. There is botH trouble and uncertainty in the making of 
corrections, when gas or air changes its temperature in its passage 
from the holder through a meter, and it is advisable to use 
every possible care to maintain the testing room, the water in 
the gasholder tanks, and the water with which wet meters are 
charged, at the same temperature. Such care will demand less 
trouble, while it will ensure greater accuracy than is possible 
with calculated corrections. 

81 » It is usual to assume that the temperature of the gas or 
air at the outlet of the meter represents the temperature at 
which the gas or air has exerted its effect in working the meter. 
It has been suggested that it is doubtful whether this is the 
case, inasmuch as such assumption is based on the idea that the 
change in temperature is instantaneous. The experiments of 
the Author tend to prove that the change is really so promptly 
effected that the outlet temperature may be faii-ly taken to I'c- 
present the temperature within the meter. 

82. It will be realized, however, that the conditions under 
which the testing of ordinary gas meteors are conducted are such 
as to render scientific accuracy impossible. It is inconvenient 
to attach a thermometer immediately to the outlet of each meter, 
and if this were done, the rough work of a testing-room would 
scarcely permit of the use of thermometers of a sufficiently 
sensitive and therefore delicate character ; but still as much care 
as possible should be taken to ascertain the temperature of the 
gas 6r air employed as it leaves the gasholder, and as it afteiv 
wards leaves the meter. In most cases, the nearest approach to 
the proper application of a thermometer which can be made is 
by the insertion of one of a moderately sensitive kind in the 
iron pipe which conducts the gas to the float of burners, and at 
a point very near its junction with the flexible tube. 
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83. The following table by the Astronomer Boyal was pnb- 
Hshed in a Parliamentary Paper, No. 339, Session 1861, and 
Ahows the per-centage increase or dilatation of the volnme of 
gas above its volnme at 31*4^ Faht. when in contact with water, 
and saturated with aqneons vaponr for given temperatures, and 
its examination will show that between 44*17^ and 67'43^, the 
difference in volume approximates closely to one per cent, for 
every four degrees difference in temperature ; — 



1 

Temperature 

in 

Fahrenheit's 

Scale. 


Per-centage 

of 
Dilatation. 


Temperature 

in 

Fahrenheit's 

Scale. 


Per-centage 

of 
Dilatation. 


Temperature 

in 

Fahrenheit's 

Scale. 


Per-oentage 

of 
Dilatation. 


31-40 
83-54 
35-70 
87-8i 
39-91 
4205 
44-17 
46-22 
48-25 
50-32 
5236 




i 

1 

u 

2 

21 
8 

4 

4i 


64'88 
56-24 
5812 
60-02 
6200 
63-77 
65-63 
67-48 
6918 
70-90 
72-60 


61 

6 

6^ 

7 

7i 

8 

Si 

9 

9i 
10 
lOi 


74-30 
76-94 
77-23 
78-81 
80-40 
81-94 
83-44 
84-88 
86-89 
87-83 
89-20 


11 

Hi 

12 

12i 

18 

131 

14 

15 

15i 
16 



84. Hence for ordinary purposes, and for ordinary tempera- 
tures, corrections may be made on the basis that — 

Four degrees Faht. increase or decrease in the temperature of 
air or gas over water produce one per cent, difference in 
the volume of such air or gas. 

85. With gas issuing from a meter at a different temperature 
than it issues from the test gasholder. 

Rule : — Multiply the number of cubic feet and parts 
delivered from the holder by the number of degrees of differ- 
ence in temperature, and by '0025, and (a) if the gas issuing 
from the meter be high est' in temperature, add the product 
to tho quantity indicated by the gasholder ; {h) if the gas 
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be of lower temperature at the outlet of the meter, subtract 
the product from the gasholder reading. Ex. : — 



Temperature at holder 


• • • • • • 


(a) 59° 


(b) 61° 


Temperature at meter 


• • • • • • 


61° 


59° 


Difference at meter ... 


• • • • • • 


2° higher 


2° lower 


Meter registration 


• • • « • • 


5 c. ft. 


5 c. ft. 


Grasholder indication 
4-9 X 2 X -0025 


• • • • • • 




4-9 c, ft. 
•025 = nearly 


4-9 c. ft. 
= •025 


V olume passed through 


meter... 


4-925 eft 


4-875 eft: 


The nearest numbers in 1 

OjITtS ••• ... ••• •.• 


bhe table 
• • • ... 


4-93 c. ft. 


4-88 c* ft. 


The meter would appear as 


1-42 fast 


2-46 fast 


But for gasholder indication, 
would appear a»R 


2-04 „• 


2-04 fast 



86. A simpler, but less accurate, method of correcting for 
temperature, is as follows : — 

Rule. — With gas issuing from the meter at a higher 
temperature than from the holder, subtract the per-centagft 
difference in volume from the per-centage of error as per 
Table, and when the gas issues from the meter at a lower 
temperature, add the per-centage difference to the per- 
centage error of the Table. Ex. : — 



Ex. Grasholder reading . 



4-9 c. ft. 



4-9 



Temperature at holder . . 59*> 
„ meter . . 61« 
Differences == half per cent. 



it 



61« 
59« 



54> 



Per cent, error by table 
Subtract 



2*04 fast . . 204 fast. 
•5 Add . -5 



1-54 fast 



2*54 fast 



Error by previous rule 



1-42 



Differences per cent, by second rule 0*12 



2-46 



0-08 



87. The illustrations which have been given show the im- 
portance of due regard to the maintienance of equality in tem- 
peratures in meter testing, or for somewhat careful observations 
as regards differences. Sufficient care, up to the present time, 
has certainly not been generally exercised, and many a correct 
meter has, from this cause, been made to appear inaccurate. 
The Author has had many meters which had been tested by 
other persons, and pronounced by them to be in error, but which 
careful testing under his hands proved to be absolutely correct. 

THE TEST-METER. 

88. Place the test-meter 
on a tolerably level and firm 
stand or board, as in fig. 20, 
as near to the meter to be 
tested as may be convenient. 
Open the cocks. A, A', B, B', 
of all the gauges. Insert a 
funnel into the charge-socket 
on the top of the test-meter, 
and if the meter has three 
gauges pour in water until it 
reaches very nearly to the 
marked water-lines, then by 
means of the screws in the 
feet adjust to a perfect level 

1 and add more water until in 

each gauge the lowest part 




Fig. 19. 
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of the meniscus or cup formed bj tlie water coincides with tlie 
water indicator. If the meter is fitted with spirit levels (20) 
and has only one gauge it may be levelled first and then be 
charged with water, but the spirit levels should be examined 
after so charging with water and a readjustment made if neces- 
sary ; should too much water have been put in, the excess 
must be drawn out through the cock in the lower part of the 
meter case. Insert the thermometer in its socket (25), and 
the meter is ready for use. 

89. If the meter is to be used af or heloic its nominal rate of 
working (120 cubic feet per hour, or 2 cubic feet per minute for 
a 20-light, and GOO cubic feet per hour, or 10 cubic feet p«'r 
minute for a 100-light), the cocks A, A', B, B ', of all the gangers 
must be open, and the cock C, on the tube connecting the back 
gauge to the inlet, must be closed,* but if the meter is to bo 
worked /os^er than its normal speed, close the cock A' of the 
back gauge and open C, and while the meter is working at the 
speed desired (38), add more water until the level in the 
hack gauge coincides with the " working level." This addition 
of ^uter can easily be made through a seal or syphon-funnel, 
scretced into the charge socket of the meter; or, better, tlie 
meter may be made with an elbow joint near its base to receivo 
an upright pipe with a funnel on the top, after the manner 
which is usual with station meters. (W fig. 20). 

90. A little practice is needful to make an adjustment of the 
level while the meter is working, owing to the oscillation of tlio 
water, but there is no practical difl&culty, and a 100-light may 
be so adjusted in a very few minutes. The true line is fixeil 
upon by observing that the range of oscillation is equal on each 
side, that is, above and below the working line. 

* Take great care nof to have A' and C of the back gauge open togethe: 
or gas will pass from the inlet into the case, and thence unmeasured frdi 
the outlet of the meter. 
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Fig. 20. 
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91. As a rule, it will be found most convenient to adjust tlie 
water-level when the meter is not in action, and then to work it 
near to its normal speed. As is shown in paragraph 32, et seq., a 
considerable variajbion in the rate of speed is needful to induce 
an error of one per cent. Some experiments with a 20- light 
test-meter, showed that when it was worked at half speed (60 
feet per hour) it registered Jth per cent, more, and when worked 
at double speed (240 feet per hour) one-fifth per cent, less, gas 
than it delivered. The difference in a 100-light would no doubt 
be nearly or quite half per cent, each way. 

TESTING OPERATIONS. 

92. There are three conditions under which a meter may be 
presented for verification by the aid of a test-meter. 

1. Fixed in position for use, complete with service pipes, 

but having no gas delivered into it. 

2. Fixed and in actual use. 

3. Unfixed and standing in a yard or shop. 

93. Dealing with the first conditioil, abd assuming that it is 
a station-meter which is to be tested, the following description 
of the diagram, fig. 20, and the accompanying remarks will 
render the arrangement intelligible. A represents the back of 
the test-meter, B the back of the statiori'meter to be tested, C is 
the inlet pipe of the later with a valve at D. The outlet pipe is 
E, having a valve at F, while G is another valve to serve as a bye- • 
pass. All these valves are supposed to be, and must be, closed 
when the test is made. H is a pipe connecting the inlet pipe, 
below the valve D, to the inlet of the test-meter, but the gas may, 
of course, be obtained from any other convenient source of 
supply. K is a pipe connecting the outlet of the test-meter to 
the inlet of the station-meter at a point above the valve D. The 
pipes H, K, may be of metal or vulcanized rubber, the latter.^ 
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kind of tube, if of the best quality, is quite reliable, and is tke 
most convenient to apply in the maiority of cases. L is a pipe, 
provided with, a main cock, extending to any safe point for the 
discharge of the gas. If the meter be in the open air the pipe 
is not needed, but the cock may be screwed into the upper part 
of E. M is an overflow water-box, similar to that shown in fig. 
15, while P is a pressure guage on the pipe connecting M to the 
. inlet of the meter. N is a water-level gauge, similar to that 
represented in ^g, 14, but subject, as is also the attached guage 
P, to the pressure of the outlet gas. T T are thermometei*s 
inserted in the respective outlets of the two meters. W is a 
pipe through which water .is delivered into the station-meter at a 
point near to its base, while Y is a main cock by which the water 
nmy be wholly discharged from the meter when needful. The 
station-meter may be charged with water to the heights indicated 
on the gauges through the pipe W, or from a water service-pipe 
attached to the cock Y, or in any other convenient way ; it must, ' 
however, be observed that while being so charged, the meter 
must be in communication with the atmosphere, through L, or 
some other point. The Author is of opinion that every station- 
meter should be verified by an experimental determination of 
the capacity of its measuring drum (see note to par. 98). Hence, 
whenever it is possible, his practice is to remove the index, and to 
attach a stout wire, by a screw or by soldering, to the key- 
wheel (which in nearly all station-meters is in the centre of 
the index pot), so that the free end of the wire projects a little 
beyond the edge of the index pot. A pencil or fine chalk mark 
serving as the starting (and stopping) point. The accuracy of 
the index train may be determined by calculation after counting 
the number of teeth in each wheel and pinion, and also by a 
final revolution or two of the drum after the index is refitted. 
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TEST FOR SOUNDNESS. 

94. Pass gas through both meters until the whole or the 
greater part of the air is expelled from them. During this 
operation adjust the speed of the test meter by its outlet cock 
to the rate desired (91), and note the extent to which the cock 
is opened. 

95. Close the cock L and as soon as the gas in both meters 
is compressed to the extent due to the acting pressure, the index 
of the test-meter should remain motionless. If it continues so 
for the space of a few minutes, the station-meter and its con- 
nections may be considered sound, but if any movement takes 
place, leaks must be sought for in the connections and about the 
meter case, by the aid of the seiise of smell alone ; unless the leak 
be very trifling and the meter has had gas passing through it for a 
long time ; sufficiently long, in fact, to cause the measuring wheel 
to make several revolutions, for the application of a flame might 
lead to an explosion, which would be of so serious a nature with 
a large meter, that the slightest risk of it should be scrupu- 
lously avoided. Of course no danger of an explosion will ensue 
from the application of a light to a small hole in a meter which 
has had gas, and gas only, passing through it for a long time, if 
the inlet opening be much larger than the outlet, and the gas be 
supplied under a good pressure, but in testing it is most conve- 
nient generally to reduce the inlet to the large meter by the 
test-meter cock, as stated in the last paragraph. Sometimes • 
the leaks may be discovered by the bubbles produced when 
fluid paint, soapy water or other liquid is brushed over the joints 
and connections. 

• 

REGISTRATION TESTS. 

96. When the meter and connections have been proved to be 
gas-tight, the test for registration may be made in one of the j 
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following wiiys. The first being nsnal, but far less reliable than 
the second.* 

97. First Method. — Pass gas through the meters until the 
temporary pointer (see end of para. 93) reaches a pencil or other 
mark made on the edge of the index pot, or the index indicates 
an exact number of cubic feet, viz., 10, 100, 1000, or any other 
whole number, then close the cock of the test-meter and set its 
index (by turning the large hand backwards) to zero, re-open 
the test-meter cock to the required extent (94), and allow the 
gas to flow until the temporary pointer or the index of the 
station-meter shows that at least two revolutions of its measur- 
ing wheel have been made,t then instantly close the cock of 
the test-meter. Alter the water level within the station-meter 
and re-test as many times as may be needful until it agrees with 
the test-meter. 

98. Second Method. — Close the cock L ; open the test-meter 
cock to the required extent (91). The gas will enter both 
meters. Set the test- meter to zero or nearly so. Make a mark 
for a zero point a little in advance of the temporary pointer of 
the station-meter, or fix upon some figure on its dial in advance 
of the dial-pointer, and note what the index registration will be 



* The Author has repeatedly, when verifying large station-meters, tried 
both methods, and feels confidence only in the second, for although theoretical 
considerations are insufficient to account for discrepancies, it is an actual 
fact that with the first method, very troublesome discrepancies do arise. 
It may be that these are in part due to the gearing of the indicating appa- 
ratus, which, in the second method, must be in close connection and perfect 
action. 

t It is recommended to verify meters by the revolution of their measur- 
iug drums or wheels, and not by the revolution of the pointer index. There 
is scarcely a meter drum made in which the four chambers are exactly of 
the same cubic capacity, and the larger the drum the greater is the ine- 
quality likely to be. Hence its capacity can only be deterpiined by one or 
more complete revolutions. Suppose the first dial of index show 100 cubic 
feet, and the capacity of the drum be 30 cubic feet, the drum must make 
in theory 3^ revolutions to effect the revolution of the pointer, and although 
the measurement might appear right for the first 100 cubic feet, it might 
appear wrong for the second, and only right again on the third. 
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when the figure fixed upon is reached. Open the cock L. Both 
meters will commence working. Observe the test-meter index, 
and note its registration the instant an assistant gives a signal 
that the index or pointer of the station-meter has reached the 
figure or mark fixed upon. Continue the flow of gas until the 
assistant signals the completion of a revolution of the station- 
meter, and then instantly close the cock of the test-meter, and 
note the index of the latter, the difference between the first and 
last readings, if the temperature within both meters be the same, 
equals the capacity of the station-meter at the existing water- 
line. 

Ex. — ^Test Meter index at the end of the Test 55*3 
„ „ „ commencement „ 4*4 



Capacity of Station Meter 50*9 

Showing its water-line to be low, and its registration slow to the 
extent of 1*77 per cent, (see per-centage table). 

99. If the temperature of the gas at the outlets of the two 
meters differs, the indicated volume must be corrected, and the 
calculation can only be conveniently made on the volume indi- 
cated by the test-meter. 

Rule. — Calculate the difference in the volume of gas due to 
change of temperature (80 to 85). Add the difference 
to the indication of the test-meter if the gas issues 
from the station-meter at the highest temperature. 
Deduct the difference from the indication of the test- 
meter if the gas issues from the station-meter at the 
lowest temperature. 

Ex. — Graa outlet Station Meter 65® 
„ „ Test Meter 61^ 



Difference 4*^ 

Ex.~Ga8 outlet Test Meter 58<^ 
„ „ Station „ 54® 



Difference 
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100. One per cent, on the 50*9 of par. 98 is "509, and this 
has in the first example to be added, making 51*409 as the 
capacity of the station -meter. In the second case it has to be 
dedncted, leaving 50'391 as the capacity. The correction can 
also be made, and more easily, by rule par. 86. 

101. When a meter is fixed and has been at work for some 
time it will be fair to assume that the connections are sound ; 
hence, unless there are special reasons to the contrary, the 
" soundness test " may be omitted, and the test-meter may be 
attached to a pipe from the outlet of the station-meter, so that 
the gas shall first pass through the latter meter. The verifica- 
tion should be made after the manner described in paragraph 93 
et seq. the flow the gas being wholly controlled by the test-meter 
cock, instead of being so in part by the cock L, ^g. 21. 

102. If a meter has to be verified under the third condition 
(92), adjust it to a perfect level by the aid of -wedges, blocks, or 
other convenient means. Be careful also that the meter stands 
upright, that is to say, that the centre line indicated by punch 
or other marks on the front plate is vertical, this must be deter- 
mined by the aid of a plumb line. Next charge the meter with 
water of, as nearly as possible, the same temperature as the 
surrounding atmosphere. Close the inlet of the meter (making 
a perfectly sound joint with yarn and lead putty) with a blank 
flange provided in its centre with a short nosepiece of 1 or 1| 
pipe. Close the outlet in the same way, but the blank flange 
must be provided with a cock answering to L fig. 21, aijd with 
a socket to receive a thermometer. Place the test-meter near 
to the meter to be tested, and proceed as directed in paragraph 
93, &c. 

VERIFICATION OF DRY MJITERS WITH A WET 

TEST-METER. 

103. In the verification of large dry meters the test-meter 
should gcneraWj be applied to the outlet. The internal sound- 
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ness of the dry meter can in this way only be determined by 
passing gas at a low rate for some time and noting the indications 
pf both indexes. If these agree, the verification may be pro- 
ceeded with. 

GAS OR AIR FOR METER TESTING, &c. 

104. The present Sales of Gas Act permits the nse- of either 
gas or of air for the per-centage of error tests with gas meters. 
As a consequence, there is a diversity of practice among official 
meter inspectors. Some nse gas for all the tests, while others 
limit the .use of gas to the test for soundness (79), and use air 
for the registration tests. Now, as it seems to be a fact, that 
the registration of a dry meter is a little different when air is 
used to what it is when gas is used, uniformity of practice is 
much to be desired. 

105. In a commercial sense the difference mentioned is as be- • 
tween buyer and seller of gas not important ;• but it is apparently 
sufficient to cause the rejection of a meter which has been some 
time in use, if such meter has been originally tested with air and 
then is re- tested with gas, or vice versa. The Author's inclination 
is for gas for all the tests, but then 6ome consideration must be 
given to the local or other authorities who carry the Act into 
operation. Qas for all the tests with meters would, in many 
instances, mean heavy gas bills, whereas air is to be had for 
tiothing more than a very little extra labour on the part of the 
employees. In some few small places, however, the use of air 
might necessitate the having of two gasholders where one now 
suffices, but uniformity of practice is the thing to be advocated, 
and this ought to prevail over all other considerations. 

106. The influence of pressure when a meter is under test is 
another matter. Dry meters working at no greater rate than 
full speed seem to go a little faster in registration (at all events 
when new or nearly new), as the pressure Js increased. Thus i^ 
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dry meier, tiiider five-tentlis pressure, was found to be 1'42 per 
cent, fast, while under 2 inches pressure it was 1*73 per cent, 
fast. Another furnished similar results. This fact is some- 
what remarkable, for although a larger volume of gas is actually 
delivered from a gasholder under high pressures than under low 
pressures for a certain length of stroke, the difference on the 
volumes so delivered under five-tenths and under 2 inches is 
very much less than is found to be indicated by the meters. 

107. Mercury is 13*59 times heavier than water ; hence, 
30 inches (the height of a column representing the standard 
pressure of air) would be balanced by a water column 13*59 x 
30, or say, as near enough, 408 inches in height. The atmoi^- 
pheric pressure as a matter of course always operates in mea» 
surement and affects the volume or bulk of air or of gas — ^the 
pressures which are commonly mentioned, act in the way of 
compression precisely as would an increase in the atmospheric 
pressure. Thus, if the air pressure be normal, or equal to the 
support, in the tube of a water barometer, a water column 408 
inches in height, the volume of air, say 10 cubic feet, contained 
within a perfectly balanced gasholder, would occupy the same 
space whether inclosed in the bell or not ; but if the gasholder 
be weighted to the extent needful to cause the contained air to 
indicate one inch of water pressure ; then the volume would be 
reduced in the ratio of 409 to 408 or from 10 cubic feet to 
9*9755 cubic feet ; but if 10 feet were actually contained by the 
bell under such pressure, then on removal of the inch pressure 
it would expand in the ratio of 408 to 409 and become 100245 
cubic feet. 

108. The lowest pressure under which gas is measured and 
used in meter-testing is five-tenths (which may be considered 
as the normal pressure for commercial measurement), and the 
highest 3 inches. The following represents measured volumes 
between those presstlres calculated to standard.) 
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Fire-tenths . . . , 


• 100122 


Diff. 


Ten- tenths . • . . 


. 10-0245 


•0123 


Fifteen-tenths 


. 10-0378 


0123 


Twenty-tenths 


. 10-0490 


•0122 


Twenty-five-tenths 
Thirty-tenths 


. 10-0613 
• 10-0735 


0123 
•0122 



] 09. It is thus evident that gas or air, when the barometer 
is at 30 inches, diminishes in bulk 0-122 per cent, for each lialf- 
inch of added pressure. The difference in volumes between gas 
or air measured respectively under five- tenths and 2 inches, is 
therefore 0-369 per cent. 

110. Under different atmospheric pressures, the ratio of 
effect produced by added pressure of Necessity changes ; thus, 
29 inches mercury of barometer pressure, represents 394 inches 
of water, and for half-an-inch and 2 inches added pressure, the 
ratios become 394 to 394*5 and 394 to 396. The corrected 
volumes for 10 feet of gas or air are therefore — 

Five-tenths . , . . . 100127 
Twenty-tenths .... 10*0508 

or 0:381 per cent, difference, equal 0*127 per cent, for every five- 
tenths of added pressure. 

111. The increase in actual volume due to measuring the 
gas or air under higher pressures are, as already indicated, in- 
flufficient to account for the effect which the Author found when 
testing dry meters under different supply pressures, and if such 
effects are common to all dry meters, ^t may be fairly assumed 
that the higher pressures operating within a dry meter prevents 
so full a distension of the leathers as takes place when low pres- 
sures are employed, and that thus the higher pressure causos 
the meter to deliver a little less gas per complete action. 

112. Wet meters under high pressures, or at high working 
speed, are affected in the reverse way, and for reasons given in 
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paragraph 36. Moreover, the direction of change is absolutely 
certain and trifling. 

FURTHER NOTES ON TEMPERATURE CORRECTIONS. 

113. In paragraphs 84 and 86 practical and sufficiently accu- 
rate rules for general purposes are given for temperature correc- 
tions ; but if an approach to extreme accuracy is requisite, then 
the figures given in the Astronomer Royal's table must be used, 
but even then a little difficulty is encountered, for the table 
shows that 100 volumes of gas, saturated with aqueous vapour, 
when heated from 31*4^ to 89*2*^, expand to 116 volumes, or to 
the extent of 16 per cent. ; and also that 116 volumes of gas, 
saturated with aqueous* vapour, when cooled from 89*2^ to 31*4^, 
contract to 100, or to the extent of 13* 796 nearly per cent. If, 
therefore, the per-centage of reduction were calculated by the 
irgures of table on the gas of highest temperature, then if the 
temperatures were as in the table 89*2° and 31*4^, the result 
would be wrong to the extent of the difference between 16 and 
lii*796 or 2*204 per cent., and so in varying proportions between 
other temperatures. 

114. The Astronomer Royal's table exhibits the per-centage 
of dilatation on the original volume of gas at 31*4^ Faht. Thus 
at 60*02'', the original 100 volumes have expanded to 107, and 
at 62^ to 107^, or to the additional extent of | per cent, on the 
onginal volume at 31*4*^. For. ordinary purposes the per- 
centage of correction would be taken to be equal to the difference 
in volume at 60*02^ and '62'', or ^ per cent, calculated on the 

, volume of gas used at temperature 60*02^, which is erroneous ; 
for if 107 volumes at 6002^ only expand to 107*5 at «2^, it is 
evident that the increase must be something less than ^ per 
cent., for this would give the volume at 62^ as 107*535 instead 
of 107*5. If the true per-centage of increase is required, it 
must he found by proportion* • ' 
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Volume of Qm Vdume of ai^^Utfon^ff the aTlLte^o^the 

^ft?.n9o qwo original volume volume at 60-02*^ 

^^^ "^^^ f rom 6002*' to 62*» f rom 6002«> to 62« 

107 : 100 -5 -4673. 

The difference in the above instance is not very impoi-tant, 
but suppose the temperature to be 60'02® and 70*9^, wtich by 
table would give 3 per cent. — 

107 : 100 c : 3 : 2-8037. 
and cause an error of one-fifth per cent, nearly. 

115. The following is a completed calculation, and it is 

assumed that a meter has registered 100 cubic feet when passing 

gas at a lower temperature than at its issue from a gasholder, or 

from a test-meter. 

Example. — Temperature outlet of gasholder, 63*77^. 
Temperature outlet of meter, 60'02*^. 
Per-centage of difference by table, 1 per cent. 

Volume of Gas Volume of Gas d'ffere eb^ Per-centage of 

by table at by table at . ^, , WwaZ « contraction from 

W / / di 4 63*77^ and 6002® ' ' > ^ 

108 : lOQ : : 1 : -92. 

Gasholder reading at 63-77*>, 106 cubic feet. '92 per cent, on 106 = -975 
and 106 — '975 = 105*025, or the correct gasholder reading for tempei'a- 
ture 60-02«>. 

116. The per-centage number in the table will be the mean 
between thos^ opposite 105*00 and 105*05, or 4*78 per cent, slow, 
the meter registering less than the volume of gas delivered 
through it. 

OTHER METHODS OE USING THE CUBIC-FOOT 

BOTTLE. 

117. The gas referees' cubic-foot measure, as used by the 
Examiners of the quality of gaa in London for testing the experi- 
mental meters which are employed, is an egg-shaped vessel C, as 
shown in fig. 21, made of hardened tin about one quarter of an iincl: 



tbick, fitted at each end witli a narrow glass tube M Z. It is 
fixed to a, etroiig plank, and stands in a ver- 
tical position. At is a three-way cock, 
HL with a "Y mark ou the ping, and at the side 
of the cock there is a small hole or vent. 
When the X •* ™ i** ordinary position, 
communication is cnt cfi from the air-pipe 
D, bnt is op«lh through the vent to the ex- 
ternal air. In this position —\ of the mark, 
the measure is open to the pipe D, and is 
shut oS from the external air. In the side 
or water-pipe above V, there is a small cock 
(not shown in the print), whioh when 
opened serves to admit water into the niea- 
snre, while at V is a larger cock by which 
to run the water off. The pipe D is of tin, 
in connection with the inlets of the meters 
in the testing-room or rooms. It carries a 
thermometer within a glass tube at T, and 
has also attached to it a pressnre-gange P. 
-b'lQ. lil. The terming points of capacity are defined 

by narrow strips of paper pasted on, or by marks cnt npon the 
glass tubes M Z. The insh'nment shoufd be in communication 
with a tank of water, fed by & self-acting snpply through the 
water pipe, and the lower level of the tank should be level with 
the top of the slip of paper or mark on M^ indicating the " full " 
line of the measure. 

118. The verification of the meters used with the photo- 
meters and the sulphur and ammonia tests is conducted as 
follows : — 

Turn the three-way cock O, so as to leave the vent open to 
the air, and close the cock T, then open the cock on the water- 
pipe, and allow sufficient water to flow in to fill the gla^ tube 




69 

Z to the water lice. Then tarn O tmtil the mark upon it ie in 
this position — |. N^ezt open the cock of the metep to be tested, 
taking care that all other connections are closed. Note the 
position of the pointers of the meters, end open the ontlet of the 
meter to the air. Then gently open the cock on the water pipe, 
and allow the water to flow into the measure, jnst &st enongh 
to cause the gangs P to indicate &om half to tbree-qoarter ihch ' 
of pressure. The meter should make 12 revolutions, or indicate 
one cnhic foot by the time the measure is full up to the mark on 
the gla«8 tube M. 

119. Tfie referees' method requires a cubic foot of water to 
be used for every cubic foot of air measured, and demands much 
care and watchfulness 
on the part of the oper- 
ator. The Author's 
method haa been de- 
scribed in paragraphs 
40 and 11, the same 
water being used over 
and over again. As 
the advantages of this 
method has been already 
descanted upon, repeti- 
tion is needless. 

120. Beeently, the 
Author has devised an- 
other method of using 
the bottle which pro- 
mises well, but which 
has not yet been pntinto 
practical operation. The 
bottle will be mounted 
upon a stroBg cylindi^ 
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cal tank B, fig. 22, whicli is divided internally into two annular 
chambers. The lower neck of the bottle is prolonged by means 
of a pipe which descends very nearly to the bottom of the inner 
chamber. This latter will be of sufficient capacity to hold^ about 
1 J cubic feet of water. The capacity of the outer chamber will be 
about 2 cubic feet, and the only connection between it and the 
inner chamber will be through the cock D. A small Bourdon 
gauge, in connection with the outer chamber, will be fixed on 
the front of the tank, and beside it a vent cock communicating 
with the inner chamber. W W represents openings througt 
the necks of the bottle, and these of course will be covered 
by glass and made water and air tight by screwed caps. S is 
a stop cock, and just below it is a vent cock. A is a pair 
of strong foot bellows, which it is thought will answer the pur- 
pose, but if they do not, an air pump will be employed. 

121. The operations will be as follows: — ^with the cock 
below B open, the required quantity of water will be poured 
into the inner chamber through a cock and funnel not shown in 
the woodcut. The funnel will then be removed and the charging 
cock and the cock below B closed. Next air will be compressed 
into the outer chamber until 15 to 20 lbs. pressure are indicated 
on the gauge. The vent cock on the upper neck of the bottle 
will then be opened and D will be turned on to a very small 
extent. As soon as the air entering the inner chamber has 
caused the water to rise and appear in W, the further entry of 
air will be stopped by closing D. The upper vent cock will be 
closed and the delivery cock S opened. D will then again be 
opened and as soon as water appears at W the delivery cock S 
will be first closed then D also immediately after. On 'opening 
the upper and lower air vent cocks, the water will quietly des- 
cend into the inner chamber. In the operation of discharging 
air from the bottle, the air in the outer chamber will diminish 
-in volume and in pressure and these will have to be made up. 
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between every discharge, by forcing in more air by means of the 
bellows or air pump. 

.122. The Author believes that this method will work well 
and his object in devising it was to produce a more compact 
arrangement than his original one. 

COMPENSATION OF GASHOLDERS. 

123. The best known method of .compensating for the loss 
of weight caused by the immersion of the bell in water is de- 
scribed in par. 21, but recently the old fashioned method of conj- 
pensating by means of a chain was revived by the Meter Inspec- 
tor of Edinburgh. In this system of compensation the chain 
requires to be of such weight that a length equal to the stroke of 
the bell shall be half the weight which the bell loses by immer- 
sion. Thus, if the stroke of the bell be 3 feet and the loss of 
weight 6 lbs., then each foot length of the chain must weigh 
one pouivd. The reason for this is almost self evident, for in the 
descent of the bell, not only does a foot of chain pass over the 
wheel and add to the effective weight operating on the side of 
wheel immediately over the centre of the bell, but one foot of 
the chain is also removed from the opposing or counterpoise 
side. The holders mentioned in par. 6 was compensated in this 
way, a band studded with strips of lead being used instead of a 
chain. 

124. The system is altogether objectionable for Standard 
instruments, inasmuch as in the event of the bell becoming 
altered in the weight of its cylinder, from any cause, every link 
of the chain would need alteration, or a new chain might have 
to be substituted ; while with the method described in par. 21 
any needful alteration can be made in a few minutes. Had the 
Government instruments been compensated by the antiquated 
chain method, the re-adjustment, whith became necessary after 
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afcout 16 years of use, would liaye been a matter of mucli labour 
and cost ; as it was, the re-adjustment was effected in very little 
time and without disturbing any of the fittings beyond the com- 
pcnsating weights, which were a little lightened. Again, if a 
new bell be wanted for a gasholder arid the thickness of ita 
metal differs from that of the original bell, the weight and curve 
compensation renders adjustment very easy^and inexpensive. 

AMENDMENT OF THE SALES OF GAS ACT. 

125. The present Act has always been regarded as imperfect 
and successive Goverpments have been urged to amend it or to 
supersede it by a new Act. In 1871 the Author, in a paper 
read by him at the meeting of the B. A. Gtts Managers, advo- 
cated the re-verification of meters at Moderate Intervals of 
Time The Compulsory adoption of the Act by Local Autho- 
rities and its Application in every Borough and City in the 

Kingdom The Testing of Indexes The Formulation of 

Precise Rules to be observed in Meter Testing. 

126. The Board of Trade have for a long time had the Sales 
of Gas Act under consideration and will, without doubt, get a 
new Act passed at an early date. The Author has reason to' 
believe that its provisions will render necessary the periodical 
re- verification of gas meters. Suggestions have been made that 
the Act should be adopted and put into operation by Local 
Authorities, who, from lapse of time, are barred by the present 
Act from doing so. It should compel any Local Authority who 
have adopted, or who may adopt, the Act, to put it completely^ 
into operation, there being some few places where, although the 
Act has been adopted, it is very imperfectly carried into effect. 
Besides this, the Board of Trade should, and may probably, 
take power itself to appoint an Inspector in a district, if deemed 
necessary, and to provide iSm with the requisite apparatus* 
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127. Specific rales should be drawn up for meter testing, 
but whether these should be contained in the new Act or be 
issued as instructions by the Board of Trade is a question for con- 
sideration. It has also been suggested that the number of tests 
should be increased, and that meters in future should be sub- 
jected to a test for soundness as at present — for registration 
under difEerent pressures and at different speeds,* as well as for 
steadiness of lights when working at full speed, and finally that 
the indexes shall be tested when separated from the meters. The 
Author has advocated the testing of indexes when fixed to the 
meter, but fancies that " the powers that be " see some objec- 
tions to this plan. Under the present Act, no power is actually 
given t#an inspector to reject a meter for unsteadiness of lights, 
but he certainly would hesitate to stamp such a meter, while it 
would be objected to, both by buyer and seller of gas. 

128. It fs to be hoped also that provision will be made for 
the testing of large meters, such as are described in 61, and fol- 
lowing paragraphs, at low speeds and low pressures, for with 
ineters fixed for use, and for the testing of which the test-meter 
(24) must be employed, high pressures and full speed are im- 
possible, as full speed is also, even when a gasholder is employed. 
Unless some provision be made in this respect, it will be really 
illegal to use a legalised instrument, and impossible, in fact, to 
make any test whatever which would comply with the law. Such 
is the state of matters now, and such they would remain. 

129. Many meters have of necessity been tested at low speed 
and at low pressure, and although such meters are, without 
doubt, correct, yet if disputes were to arise between the buyer 
and seller of gas, and a question were raised in a Court of Law 
as to the legality of the mode of testing, it can scarcely be 
doubtful what the issue would be. 



» Paragraphs 106—112. 
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130. Again, provision is required for the verification of meters 
of all sizes, wet and dry, which are to be used for experimental 
purposes. Wet meters of this kind generally have the water- 
line defined by a guage similar in principle to that described in 
paragraph 53. Such meters are " capable of being made . . . 
by increase or decrease of water ... to register quantities 
varying from the true standard measure of gas " by more than. 2 
per cent, fast, and more than 3 per cent, slow, but yet are good 
meters, and although they are not used to measure gas for sale, 
many are used for the no less important purpose of measuring 
the gas when its purity and illuminating power have to be fuscer- 
tained, hence the verification of such meters is alike important 
to the public and to Gas Companies. At present an iippector 
may test such a meter as a private matter, but he has no power 
to stamp it with the official seal issued to ,him by the Board of 
Trade. 

FORMS OF BOOKS, CERTIFICATES, &o. 

131. The Metropolitan Board of Works has caused very con- 
venient forms of books, &c., to be drawn up for use at its meter- 
testing stations. These forms are less elaborate, and generally 
better, than those given in former editions of "Gas Meter- 
Testing," and through the agency of Mr. George Mills, Metro- 
politan Board of Works* Inspector at Westminster, the Author 
is able to give them, and in so doing .wishes to acknowledge his 
appreciation of the ready and kindly way in» which Mr. Mills 
met his request for copies. 

132. The principal book is the " Register " Form A, in which 
a few, but a sufficient number of illustrative entries are shown, 
for, as a matter of course, the entries in the register^ at the 
Board of Works Stations are very" numerous. It will be ob- 
served that in respect to fees there is a ledger or credit column ; 
the Board of Works preferring monthly to immediate cash 
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settlements witH Gas Companies or Meter Makers, who are con- 
stantly sending meters to be tested. The " Cash Received " 
colnmn and the " Ledger Account " column are totalled every 
week, and a statement made out on the Form B, the cash received 
(which is also registered on the countei-foils of the numbered 
receipts given) being paid over by the Inspector after the end of 
each week to an auditor who visits the testing stai ion on every 
Monday, and who, after the examination of the register, signs it, 
as he does also a small voucher book similar in its contents to B ; 
which book is retained by the Inspector. 

133. Statements are rendered to those who have monthly 
accounts on the Form C, and the sum due is, in London, paid to 
the Inspector, generally by a cheque payable to his order, and 
he gives the receipt. The " Ledger " needs no description. 

134. Certificates are of two kinds, namely, that for a single 
meter. Form D, and that for a number of meters. Form £, for a 
Cras Company or a Meter Maker. 

135. Reverting to Form A, it will be observed that it contains 
no column for recording differences in temperature (85, 86), or 
of the corrections made therefore, such record not being deemed 
essential. In case, therefore, of any difference being found, the 
TDspectar would correct the indication of the volume delivered 
from the gasholder, and insert the corrected result in the 
Tegister. 

136. If in any new Act the tests should be increased in 
number (127), then the columns under *' Quantity of Gas or 
Air passed," and under *' Maximum per cent.," will also need 
increasing, and, doubtless, the Board of Works would so far 
modify the register. 

137. The Board has no form to be filled up and delivered 
along with meters which are to be tested* Gas Companies and 
Meter Makers provide their own delivery notes. Gas-fitters or 
consumers delivering one or several meters, should set out in i^ 
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note the size or sizes, maker's name, and number or numbers. 
Meters are, however, frequently received without any note, and 
its reception at once, or as soon as possible, recorded in the re- 
gister. 

138. The fees at present chargeable for ordinary meters are as 
follows, but if the number of tests be increased, no doubt the 
fees wiJl be raised : — 









No. of Lights. 


Dry Meters. . 


Wet Ueters. 




«. d. 


«. d. 


1 


6 


6 


2 


6 


6 


3 


6. 


6 


5 


6 


6 


10 


1 


1 


20 


1 


1 


30 


1 


1 


50 


1 


2 


60 


1 


3 


80 


2 


4 


100 


3 


5 


160 


5 "0 


8 



Large meters of the station-meter type (51), are, if taken to the 
Inspector's Office, charged for at the rate of one shilling per cubic 
foot of registering capacity per revolution or complete action, 
but if the meter be tested on a consumer's premises, it is usual 
on the part of the Board of Works to charge a double fee, and also 
the expenses incurr^ for cartage of the necessary instruments 
to and from the consumer's premises — whether legally or not 
luM not yet been contested. 



PER-CENTAGE TABLES. 



Showing the per-centage of error in meters whose registra- 
tion differs from the indications of the test gasholders. 

Extracted from an extended table, compiled and printed by- 
order of the Metropolitan Board of Works, for the use of their 
Meter Inspectors. 
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Meter Inspector's Office, 

St. Ann's Street, Westminster. 

18 

STATEMENT OF FEES RECEIVED AND AMOUNTS OUTSTANDING. 

"Week ending 



V 



Amount outstanding as per last Return • Jg 
Amount of Fees during the week 



£ 

Cash herewith 



Balance outstanding . . Jg 

Viz. — Owing by 

Folio JB 
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Inspector, 
Sisc of Sheet, 13 bj 8 inchee. 



■i 



5 K 



5 ^ 









tJ 




J 


•i 






id 






1 






i 






g 














R 












1 


i 






S 




D 














•B 




S 






S 




^ 


f1 


8 




s 


S 




1 


H 

a 


S 




W 


S 






o 

1 






1 


g 




s 


a 




X 




o 






" 






^ 










" 








« 






2 






e 







[D.] 

METER INSPECTOR'S OFFICE, 

« 

St. Ann's Stekkt, Westminster, S.W. 



5 Ijere&g Certifg that the Light 

Meter No. Index was examined and 

tested bj me on the day of 

18 , in accordance with the rules provided in the 12th and 

13th Sections of the Sale of Gas Act, 1859, and having been 

found to register 

has been by me 



Witness my.- hand, 



Inspector of Meiers, 



NOTICE.— By the 22nd and 23rd Victoria, Cap. 66, it is enacted— Th^t 
any person using or fixing an Unstamped Meter is liable to a penalty 

of Five Pounds. 

Size of Sheet, 10 by 8 inches. 
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ADYERTISEMENTS 



ALEX^ WEIGHT & Co, 

55, 55a, and 56, MILLBANK STREET, 

LONDON, S.W., 

GAS METERS 

OF THE koST PBRPECT CONSTRUCTION, AS SUPPLIED FOR HANY 

TEARS TO THE 

Gas Light and Coke Company, and to other London, 
Provincial, and Continental Oas Companies. 



WRIOHT & CO.'s DRY METERS 

Are surpassed by those of no other Maker, and are 
more substaDtial than most Dry Meters. 



WRIOHT & CO.'s WET METERS 

Have received the testimony of 28 years^ extensive use, 
and their construction has been copied by many Meter 
Makers. They.eusure accurate measurement by compensa- 
tion i.e., by maintaining the water level at its proper 
height. Compensation in a Consumer's Meter is generally 
essential, and a Meter is a " Compensator,'^ whether the 
compensation be effected by water or by gas. That Meter 
is the best which works with the least friction, which is 
least complex, and may be most readily cleaned or repaired 
when needful. These conditions are satisfied with A. 
WRIGHT & CO.'s Wet Meters. 

LISTS ON ATFLICATION. 



ALEXANDER WItlGHT & Co., Engineers. 

STATION GAS METERS, 

STATION GAS GOVERNORS, 

JONES' THROTTLE M VE ST A TION 

GOVERNORS. 



JOKES' DUTESENTIAL 007ESHOSS. 

The most Simple and Perfect acting Governors 
for reducing excessive pressure in Hilly Districts, 



CONSUMERS' GAS GOVERNORS. 



PRESSURE AND EXHAUST REGULATORS. 



Exhaust Registers, Pressure Registers, 

Wright's Registering Ganges, 

King's Ganges, 

AITD 

PRESSURE GAUGES OF ALL KINDS. 



LISTS ON APPLIGATIOTH. 



55, 65a, * 56, ULIiBAirX STRESI, WS8TXIVSTSB, S.W. 



ALEXANDER WBIOHT & Co^ Engineers. 



Improved Lamp Meters, 



AND 



Lamp Meter Boxes, 

r 

Street Lamp Regulators, 
Leve^ Lantern Cocks, &c.. 

As soppiiED BY A. WRIGHT & Co., to thb 

VESTRY OF St. GEORGE, 

HANOVER SQUARE, 

ALSO TO OTHEB ,. 

PUBLIC AUTHORITIES, 

And NOW in Satisfactory Operation. 



STEEET LANTERNS, LiaHTiNG RODS. 

AND 

ALL REQUIREMENTS FOR' 

PUBLIC LIGHTING. 



LIBTS ON APPLICATION. 



M^ 65a, ft 56, XILLBAITK STBEET, WISTMHrSTmit, S.W. 



ALEXANDER WBIGHT A CO., Engineers. 



RBQUIBBO FOS THE 

ANALYSIS OF COAL GAS. 



STANDARD 

PHOTOMETERS, METERS, GOVERNORS, &c., 

AS APFROVBD BT THB 

GAS REFEREES and used by them at their Offices, and 
every kind of Instrument necessary in the deter- 
mination of the 

ILLUMINATING POWER & PURITY OF COAL GAS. 



SOLS AUTHORIZED KAEEBS OF 

METHVEN'S FHOTOMETBIO STANDARDS 

For use with ORDINARY or with CABBUEETTED GASES. 



Mr. A. VERNON HARCOURT*S 

FENTANE or AIB-GAS STANDARD 

AND 

As Made by A. WRIGHT ^ Co, for the Qa» Referees. 



PHOTOMETERS 

FOR SPECIAL FVBFOSES TO OSDEB. 

LISTS ON APPLICATION. 

55, 55a, * 56, XILLBAHK 8TBSET, WE8TMXHSIEB, S.W. 



ALEXANDER WBIGHT ft Ca^ 



ST AND AED CUBIC FOOT MEASUEES 

AND 

GAS METEE-TESTING APPAEATUS. 



A. WRIGHT & Co. ABS thb Dusignsrs and Makxbs , 

OF THS 

STANDARD WET METERS OF THE BRITISH 

GOVERNMENT, 

AND ABB TH£ DsSIGinCBS AND MaKBBS OI* 

The STANDABD CUBIC FOOT HEASUBES, 

The {STANDARD GASHOLDERS, 

The STANDARD GAS METERS, ftc, ftc, 

FOR THE 

Governments of Canada, South 
Australia and the Netherlands, 

THEY ALSO MADE AND SUPPLIED THB WHOLE OP THE 

GAS HETEB-TESTING AFFABATTTS 

FOB THB 

DOMINION OF CANADA. 



55. 55a, * 56^ XULBAKK STREET, WESTXIKSTEB, S.W. 



I I 



ALEXANDER WBIGHT & Co., Sngineers, 



" Stakdabds Dipabtment, 

" BoABD or Tbadx, 

" 2nd Juney 1875, 
** Gkntlbmek, 

" This Department having been informed by Mr. Newport 
that the verification of the Inspection Gas Measuring standards for Canad.a 
is now completed, I am desired to convey to yon the satisfaction of this 
Department at the manner in which the work connected with these 
Standards has been e^tecnted, 

" I am also to inform yon that this Department has this day telegraphed 
to Mr. Bronel the completion of the verification of these Standards. 

** I am, Gentlemen, 

" Your obedient Servant, 

(Signed) " H, J. CHANEY, 
Messrs. A. Wright & Ca, 

" 55, Millbank Street, Westminster." 



■<i 



GAS ISETEB-TESTnra APPARATUS 

Have been supplied by A. Wrwht & Co., for the purposes of 
the ** Sales of Gas Act," to the Authorities of the following, as 
well as to other places : — 



DUBLIN, 


BOLTON, GLOUCESTER, 


BRIGHTON, 


CORK, 


MANCHESTER, BATH, 


SCARBOROUGH, 


YORK, 


SALFORD, NEWPORT, 


WORCESTER, 


OLDHAM, 


, PORTSMOUTH, PRESTON, 


NORTHAMPTON, 


LEEDS, 


EDINBURGH, KEIGHLEY, 
DERBY, LIVERPOOL, 


WIDNES, 




THE METROPOLITAN BOARD OF WORKS, &c. 



Local Authorities, Oas Companies and others^ in 
any part of the Kingdom^ advised on the Construction 
and Fitting up of Meter- Testing Stations, and Rooms 
Pitted up, by Contract or otherwise, with every Ec- 
quisite. 

Any Instrument for the Measurement of Gas, Pressure, or 
Temperature, Graduated to Foreign Standards 

if Required, 

&5, 55a, ft 56, MILLBANK STBEET, WESTMINSTEB, 8.W. 



. MANUALS 

BT 

F. W. HABTLET, A.I.C.E., H.S.E., 



I40N. MEM. QAS INSTITUTE. 



THE 

• flAS ANALYST'S MANUAL 

Contains description of Apparatus, Standard Bnmers, Ac, and 
Instructions for the Testing of the Illuminating Power, Purity, 
Specific Gravity, &c., of Coal Gas; together with Tables to , 
facilitate Calculations, the latter being given both in the* Book 
and separately for handy reference. 147 pages, Crown 8vo., 
Cloth. 

PRICE, POST FREE, 6s. 4d. 

GAS MEASUREMENT AND GAS 

METER TESTING 

Contains precise information relative to Measurement of Gas, 
and to the Instruments employed, as well as full Instructions 
for their use. 104 pages, Crown 8vo., Cloth. 

PRICE, POST FREE, 4s. 3d. 

AMMONIA LIQUOR TESTS. 

SECOND EDITION. 



The above-named pamphlet contains explanations of the 
usual methods of Testing Liquor ; and also instructions for 
• ascertaining the per-centage of sulphur in spent oxide. 

PRICE, POST FREE, Is. Id. 



INSTRUCTIONS FOR THE USB OF 
THOMPSON'S CALORIMETERS OR FUEL TEST. 

PRICE, POST FREE, 7d. 
55, 55a, & 53, MILLBANK STREET, WESTMINSTER, S.W. 



BOOKS RELATING 



TO 



APPLIED SCIENCE, 



PUBLISHED BY 



E. & R N. SPON, 

LONDON : 16, CHARING CROSS. 

NEW YORK : 44, MURRAY STREET. 



A Pocket-Book for Chemists y Chemical Manufacturers^ 

Metallurgists^ Dyers, Distillers, Brewers, Sugar Refiners, Photographers^ 
Students, etc,, etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana- 
lytical and Consulting Chemist and Assayer. Second edition, with 
additions. 437 pp., royal 32mo, roan, gilt edges, $s. 

Synopsis of Contents : 

Atomic Weights and Factors— Useful Data — Chemical Calculations— Rules for Indirect 
Analysb — Weights and Measures — Thermometers and Barometers — Chemical Physics— 
Boiling Points, etc.— Solubility of Substances— Methods of Obtaining Specific Gravity— Con- 
version of Hydrometers-^Strength of Solutions by Specific Gravit^^ — ^AnalystSF— Gas Analysis- 
Water Analysis— 'Qualitative Analysis and Reactions— Volumetric Analysis— Manipulation- 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technol<^i(»l matter 
relating to Potash, Soda, Sulphuric Add, Chlorine, Tar Products, Petroleum* Mjlk, Tallow, 
Photography, Prices, Wages, Appendix, etc, etc. 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing ana Foig- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
MeUiods of Using and Grinding them ; the Construction of Machine Tools, 
and how to work them ; Machine Fitting and* Erection ; description of 
Hand and Machine Processes ; Turning and Screw Cutting ; principles of 
Constructing and details of Making and Erecting Steam Engines, and the 
various details of setting out wotk, etc., etc. By Cameron Knight, 
Engineer. Containing 1147 illustrations^ and 397 pages of letter-press. 
Third edition, 4to, doth, \is, 

B 



CATALOGUE OF SCIENTIFIC BOOKS 



On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. 8vo, sewed, 6d. 

A Handbook of Formulce^ Tables^ and Memoranda, 

for Architectural Surveyors and others engaged in Building, By J. T. 
Hu&ST, C.K Thirteenth edition, royal 32mo, roan, 5j. 

Containing : 

Formulae and Tables for the Strength of Materials, Roods, Water Supply, Dr^nase, Gas, 
and other matters useful to Architects and Build ers I nformation co nn e ct ed with Sanitary 
Engineering — Memoranda on the several Trades used in Building, including a Descrujdon of 
Materials smd Analyses for Prices of Builders' Work— The Practice of Builders' Measure- 
ment — ^Mensuration and the Divbion of Land — ^Tables of the We^ts of Iron and other 
Building Materials — Constants of Labour — ^Valuation of Property— Summary of the Pkactice 
in Dilapidations^— Sc^e of Professional Charges for Architects and Surveyors—Tables of 
English and French Weights and Measures. 

^ " It is n0 disparagement Co the many excellent publications we refer to, to say diat in our 
opinion this little poacet-book of Hurst's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
everythine that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about f in. thick, 
in a limp cover. We congratulate the author on the success of ms laborious and practically 
compilra little book, whidi has received unqualified and deserved praise firom every profes- 
sional person to whom we have shown it." — xhe Dublin Builder. 



Quantity Surveying. By J. Leaning. With 42 illus- 
trations, crown 8vo, doth, 9/. * 



Contents : 



A complete Explanatioh of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Examples of Treatment 
Abbreviatbns. 
Squaring the Dinieitsions. 
Abstractmg, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantides. 
Do. Bni of Credits. 
Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of BiU. 
Variations before Acceptance of Tender. 
Epors In a Builder's Estimate. 



Schedule of IVices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuaticm of Work, ' with 

Examples and Remarks upon each Trade. 
The Law as it affects QuandQr Surveyors, 

with Law Reports. 
Taking Off after the Old Mediod. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Soidety 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of " Taking Off" in each Trade. 
Remarks on the Past and Present Metiiods 

of Estimating. 



Th4 Pnnctples of Graphic Statics. By George 

Sydenham Cla.rke, Lieut. Royal Engineers. With 112 UhistraUons. 
4to, doth, I2J. €^. 



PUBLISHED BY K & F. N. SPON. 



Sponi Architects and Builders Pocket-Book of Prices 

and Memoranda, Edited by W. Young, Architect. Royal 32mo, roan, 
4^. 6df. ; or cloth, red edges, 5^. 6</. Published annually » Ninth edition. 
Now ready, 

Long-Span Railway Bridges^ comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed T3rpe Systems of Construction, with numerous 
Formulae and Tables giving tfie weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst. C.£. Plates^ crown 8vo, 
cloth, 5j. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Poljrtechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 5cx> illustrations^ 8vo, cloth, l^s. 

The Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, \s, 6d» 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with a}^ plates and 150 wood engravings, Thiid 
edition, crown 8vo, cloth, i8j-. 

Section I. On the Equality and Distribution of Forces— Secti<»i II. Resistance of 
Timber— Section I^. Construction of JbMoors— Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas— Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges— Section IX. Cofier-dams, Shoring, and Struttbg — Section X. Wooden Bridges 
and Viaducts— Section XI. Jomts, Straps, and other Fastenings — Section XII. Umber. 

Our Factories^ Workshops^ and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst C.E. With 183 wood engravings^ crown 8vo, cloth, 9^. 

The Electric Light in its Practical Application. By 

Paget Higgs, LL.D.« D.Sc, Telford Prizeman, and Associate Member 
of the Institution of Civil Engineers. With 94 illustrations^ 240 pages. 
Demy 8vo, cloth, gx. 

Contents : 

Introductory— Lamps or ISumers Employing the Voltaic Arc — Electric "Candles" and 
Candle Lamps— Lighting by Incandescence — Magneto and Dynamo-electric Machines- 
Mechanical Efficiency^ of Electric Light Machines-^Simple Mathematical Considerations 
Concerning Electric Lighting — ^Electric Regulators— -Commercial Aspect of Electric Lighting 
— Division of the Electric Oght— Maritime and Military Aspects^ Various Applications of 
the Electric Light— Electric Carbons* .... 

B 2 



CATALOGUE OF SCIENTIFIC BOOKS 



Progressive Lessons in Applied Science. By Edvard 

Sang> F.R.S.E. Crown 8vo, cloth, each Part, y. 

Part T. ^ Geometry on Paper— Part 2. Solidity, Waght, and Plressore— Part 3. Trigono- 
metry, Vision, and Surveying Instruments. 

A Practical Treatise on Coal Mining. . By George 

G. Andri^, F.G.S., Assoc Inst C.E., Member of the Society of Engineers. 
"With 82 lithographic plates, 2 vols., royal 4to, doth, 2/^ '^« 

Contents : 

I. Practical GeoI<«y<— >II. Coal, its Mode of Occurrence, Compoadon, and Varieties— III. 
Searching for Coal— IV. Shaft-sinking^V. Driving of Levels, or Narrow Worie— VI. Systems 
of Woriong— VII. Getting the Coal—VIII. Haulage— IX. Windmg— X. Drainage— XI. 
Ventilation — XII. Incidental Operations — ^XIII. Surface Work— XIV. Management and 
Acoounts-'XV. Characteristics of the Coal Fields of Great Britain and America. 

The Electric Transmission of Power^ its Present 

Position and Advantages, By PAGET HiGGS, LL.D., D.Sc., Telford 
Prizeman, and Associate Member of the Institution of Civil Engineers. 
With numerous illustrations. Crown Svo, doth, 3^. 

Contents : 

Dynamo-electric Machines— The Gramme Machine— The Brush Machine— The Wallace* 
Farmer and Siemens Machines — ^Efficiency of D^amo-electric Machines — Practicability of 
die Transmisrion of Power by Electricity — Efficiency of Coupled Machines— Comparative 
Efficiency of Various Machines — Other Theoretical Considerations— Omd^ons. 

Spans* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy Svo, sewed. 

No. I, Ceylon. By Abraham Deans, CE. 2j. 6d. 

Contents : 

Introductory Remarics— Natural Productions— Architecture and Engineering— Topo- 
graphy, Trade and Natural History— Principal Stations— Weights and Measures, etc., etc 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. With 
Map. y, 6d, 

Contents : 

General Description of South. Africa— Physical Geozraohv vdtii reference to RmrinAArincy 
Operations— Notes on Laboi 
Formation in South Africa- 
Public Works in Cape Colony; 
Bridges, Gas Works, Irriprati«m 
Engineering, Public Buildings, ^j 
Draught Purposes— Stotistical Notes— Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst CE. With Map. ^6d. 

Contents : 

Physical Geography of India— Building Materials— Roads— Railways— Bridges— Irriga- 
tion— River WcScs— Harbours — Lighthouse Buildings — Native Labour— The Prindpal 
Tnts p/Iodia— Money— Weights and Measures— Glossary of Indian Terms, etc. 




PUBLISHED BY E. & F. N. SPON. 



A Practical Treatise on Casting and Foundings 

including descriptions of the modem machinery employed in the art. By 
N. K Spretson, Engineer. Second edition, with 82 plates drawn to 
scale. 412 pp., demy 8vo, cloth, i&r. 

The Clerk 0/ Works: a Vade-Mecum for all engage<J 

in the Superintendence of BuUding Operations. By G. G. HOSKINS^ 
F.R.I.B.A. Fcap. 8vo, cloth, is, 6d. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manufacturer, Merchant, and 
Consumer, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second edition, revised and improved, 515 pages, 
8vo, cloth, i/. is. 

Steely its History^ Manufacture, and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. 860 pages- and 
2.^ plates, 8vo, cloth, 36X. 

Section I., History of Stebl: Chap. x. History of Steel— a. Early History in England 
—3. Progress of Invention — ^4. History of Bessemer Process— 5. Siemens-Martin Process — 
6. Other Steel-making IVocesses — 7. Steel in America — 8. Germany— 9. France — lo. Austria 
—II. Russia— za. Sweden— 13. Other Countries. Section II., Manupacturb op Stbbl: 
Chap. 14. Cementation and other Methods — 15. Manufacture by Bessemer Process— 16. 
Siemens-Martin Process— 17. Other Methods. Section IH., Chemical and Physical 
Propbrtibs op Stbbl : Chap. z8. Phosphorus in Steel— 19. The Use of Manganese— ao. 



Spiegeleisen — ai. Sulphur in Steel — aa. Silicon in Steel — ix. Tensile Strength of Steel — a4. 
Mechanical Tests of Steel— 35. Analysis of Steel. Section IV., Uses op Steel:. Chap« 96. 
Application of Steel to Railway Purposes— a7. To Shipbuilding— *38. To Bridge BuUding— 
29. To General Purposes — ^30. Guns and Armour Plates— 31. Other Purposes. 

The Maintenance of Macadamised Roads. By T. 

CoDRiNGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales, 8vo, cloth, ts. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyeb, M. InsL C.E., M. Inst M.E. 
With liplates, 8vo, cloth, i8x. 

A Descriptive Treatise on Mathematical Drawing 

Instruments : their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I., Mathematical Instrument Maker to 
H.M.'Govemment,^ Science and Art Department, etc., etc. Fifdi edition, 
7vitA numerous illustrations^ crown, Svo^ cloth, 5j. 



CATALOGUE OF SCIENTIFIC BOOKS 



Girder Making and the Practice of Bridge Building 

in Wrought Iron, illustrated by Examples of Bridges, Piers, and Girder 
Work, etc., constructed at the Skeme Iron Works, Darlington, by 
Edward Hutchinson, M. Inst. M.E. With 35 plates^ demy 8vo, 
doth, icxr. dd, 

Sponi Dictionary of Engineerings Civile Mechanical^ 

Military^ and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly %coQ engravings, in. super-royal Svo, 
in 8 divisions, 5/. is. Complete in 3 vols., cloth, 5/. 5^. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. I2r. 

Seepage 15. 

A Treatise on the Origin, Progress^ Prevention^ and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc. With 10 plates, crown Svo, cloth, yj. td. 

Metrical Tables. By G. L. Molesworth, M.LC.E. 

32md, cloth, is, 6d, 

Contents. 

'^ General— Linear Measures — Square Measures — Cubic Measures— Meastires of Capacity- 
Weights— Combinations— Thermometers. 

A Handbook of Electrical Testing. By H. R. 

Kempe, Member of the Society of Telegraph Engineers. New edition, 
revised and enlarged, with 81 illustrations. Crown Svo, cloth, I2j, 6^/. 

Simple Hydraulic FormulcB. By T. W. Stone, 

C.E., late District Engineer for Water Supply, Victoria. Crown Svo, 
cloth, 6j. 

Electro -Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer, a Book for Beginners. Illustrated, Fcap. Svo, 
sewn dd, 

Handrailing: by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition. With seven plates, Svo, cloth, 3/. 6d. 

Handrailing: by the Square Cut. By John Jones, 

Staircase Bmlder. Part Second, with eight plates, Svo, cloth, y, 6d. 

TJie Gas Consumers Handy Book. By William 

Richards, C.E. Illustrated. iSmo, sewed, 6rf. 
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A Pocket-Book of Usefid FonnulcB and Memoranda 

for Civil and Mechanical Engineers, By GuiLFORD L. MoLESWORTH, 
Mem. Inst. C.£., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations. Twenty-first edition, 
revised and enlarged, 32mo, roan, 6s, 

Synopsis of Contents: 

Surveyingt Lerelline, etc.— Streaigtfa and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc.---Struts, Columns, Beams, smd Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae— Canals. Sewers, 
Waterworks, Docks— Irrigation and Breakwaters— Gas, Ventilation, and Warming— Heat, 
Light, Colotur, and Sound — Gravity: Centres, Forces, and Powers—Millwork, Teeth of 
Wheels, Shafting, etc. — ^Workshop Kecipes — Sundry Machinery— Animal Power— Steam and 
the Steam Eng^me— Water-power, Water-wheels, Turbines, ^etc. — ^Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery* Projectiles, etc- Weights, 
Measures, and Money— Trigonometry, Come Sections, and Curves— Telegraphy— Mensura- 
tion — ^Tables of Areas and Circumference, and Arcs of Ctrclen— 'Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Differentigu and Int^^ Calcu- 
lus—Algebraic Signs — ^Td^raphic Construction and Formulae. 

" Most of our readers are already acquainted with Molesworth's Pocket-book, and not a 
few, we imagine, are indebted to it for viuuable information, or for refreshers of the memory. 
The book has been re-arranged, the supplemental formulae and tables added since the fint 
issue having now been incorporated witn the body of the book in their proper positions, the 
whole making a handy size for the pocket. Every care has been taken to ensure correctness, 
both clerically and typo^phically, and the book is an indispensable vade-mecum for the 
mechanic and the professional vaaak/*^'Etiglish Mechanie, 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors* Handbook,' ' Hurst's Tredgold's Carpentry,' etc Fifth edition, 
64mo, roan, gilt edges, is. Or in cloth case, is, 6d, 

This work is printed in a pearl t]^, and is so small, measuring only ai in. by xf in. by 
i in. thick, that it may be easily carried in the waistcoat podcet. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring ^t ai m. by zf in., yet these .dimensions faithfully rraresent the sue of the handy 
little book before us. The volume — which contains zz8 printed pages, besides a few blsuik 
pages for memoranda— is, in fact, a true pocket-book, adapted for bong carried in the waist- 
coat pocket, and containing a far greater amount and variety of informatiou than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
reaulers as a useful little podcet coTMpuaion.^'-'Engineeriti^^, 

Analysis, Technical Valuation, Purification and Use 

of Coal Gas, By the Rev. W. R. Bowditch, M.A. With wood engravings, 

8vo, doth, I2J. (id. 

Condensation of Gas — Purification of Gas— Ligh^— Measuring— Place of Testing Gas- 
Test Candles— The Standard for Measuring Gas-light— Test Burners— Testlnff Gas for 
Sulphur— Testing Gas for Ammonia — Condensation by Bromine—Gravimetric Method of 
taking Specific Gravity of Gas — Carburetting or Naphthalizing Gas— Acetylene^ExpIosions 
of Ga^— Gnawing of Gaspipes by Rats-^Pressure as related to Public Lighting, etc. 



A Practical Treatise on Natural and Artificial 

Concrrte, its Varieties and Constructive Adaptations, By HENRY Reid, 
Author of the ' Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and 5 plates, 8vo, doth, i$s» 
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The Gas Analyst's Manual. By F. W. Hartley, 

Assoc. Inst C.EX, etc. With numerous ilUutraUotts. Crown 8vo, 
cloth, dr. 

The French' Polisher s Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, ro3ral 32mo, sewed, 6d. 

HopSy their Cultivationy Commercey and Uses in 

various Countries, "fyj P. L. Simmonds. Crown 8vo, doth, \i, 6</. 

A Practical Treatise on the Manufacture and Distri^ 

bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood engravings and 2g plates, cloth, 2&r. 

Synopsis of Contents : 

Introduction— History of Gas Lighting— Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrsd — Retorts, Iron and Clay— Retort Setting — Hydraulic Main— -Con- 
densers— Exhausters — Washers and Scrubbers— Purifiers— Purification.— History of Gas 
Holder— Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron— Specifications — Gas Holders — Station Meter^ Governor— DisCributioa— 
Main^-Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, £^.i— > 
Services — Consumers' Meters — Regulators — Burners— Fittings— Photometer— Carburizanon 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas— Influence of Atmospheric Pressure and Temperature on G^— Residual 
Products — Appendix — Description of Retort Settings, Buildings, etc.« etc. 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples; to which are added rules for Shading Shade-lining, etc, 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter <m 
drawing Instruments. By George S. Clarke, Lieut. R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College, zoplatesy 
4to, cloth, 15^. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. CLarkb, Lieut 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, 5^. 

See page 2, 

A Practical Treatise on Heaty as applied to the 

Useful Arts; for the Use of Engineers, Architects, etc. By ThOMAS 
Box. With 1^ plates. Third edition, crown 8vo, cloth, lis, 6d, 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals, By W. R. Kutter, translated from articles in 
the * Cultur-Ingenieur.' By Lowis D'A. Jackson, Assoc. Inst C.E. 
8vo, cloth, I2s.6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates^ post 8vo, cloth, 5^. 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, with II plates, specially designed for 
the use of operative mechanics. By William Cullen, Millwright and 
Engineer. Second edition, revised and enlarged, small 4to, cloth, 12s, 6d, 

Aid Book to Engineering Enterprise Abroad. By 

EwiNG Matheson, M. Inst C.K The book treats of Public Works 
and Engineering Enterprises in their inception and preliminary arrange- 
ment ; of the different modes in which money is provided for their 
accomplishment \ and of the economical and technical considerations by 
which success or failure is determined. The information necessary to 
the designs of Engineers is classified, as are also those particulars by 
which Contractors may estimate the cost of works, and Capitalists the 
probabilities of profit. Illustrated^ 2 vols., 8vo, izs, td, each. 

The Essential Elements of Practical Mechanics; 

based on the Principle of fVorh, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings^ post 8vo, cloth, 
7j. (id. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without refelrence to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. J. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies-^hap. 4. The Transmission of Work by 
simple Madiines— Chap. 5. Useful Propositions and Rules. 

The Practical Millwright's and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By ThoiiIAS Dixon. Fourth edition, i2mo, cloth, 3^. 

Breweries and Malting: their Arrangement, Con- 
struction, Machinery, and Plant. By G. ScAMELL, F.R.I., B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E., with 20 plates, $vo, cloth, iZs, 

A Practical Treatise on the Manufacture of Starchy 

Glucose, Starch'Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and other 
authorities. By Julius Frankel, edited by Robert Hutter, proprietor 
of the Philadelphia Starch Works. With 58 illustrations, 344 pp., 8vo, 
cloth, l&f. 
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A Practical Treatise on Mill-gearings Wheels, Shafts, 

Riggersy etc; for the use of Engineers. By THOMAS Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, 7^. &/• 

Mining Machinery: b. Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr]^, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. 1 2 J. 

Contents : 

Machinery for Prospecting, Excavating, Haul^g. aad Hoisting— Ventilation— Pumping-* 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Bride Earth, etc. 

The Pattern Makers Assistant ; embracing Lathe 

Work, Branch Work, Core Work, Sweep Work, and Practical Gear 
Construction, the Preparation and Use of Tools, together with a large" 
collection of Useful and Valuable Tables. By JoSHUA RoSE, M.E. 
With 250 illustrations. Crown 8vo, cloth, lar. 6d, 

The Science and Art of the Manufacture of Portland 

Cement^ with observations on some of its constructive applications, Vfith 
66 illustrations. By Henry Reid, C.E., Author ot 'A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, \%s. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings, '^i^- numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9/. 

Contents : 

The Drawing Office and its Furnishings— Geometrical Problems— -Lines, Dots, and their 
Combinations— Colours, Shading, Lettering, Bordering, and North Points — Scales — ^Plotting 
— Civil Engineers' and Surveyors' Plans— Map Drawing — ^Mechanical and Ardiitecturu 
Drawing— Copying and Reduang Trigonometriod Formulae, etc., etc 

The Boiler-maker s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of ' Mechanical Tables,' etc. Second edition revised, with iUustra" 
tions. Crown 8vo, cloth, 5^. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andr^, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates^ 8vo, doth, 
zcxr. td, 

Sunr^rg'ed and different Forms of Retaining Walls. 

By J. S, Tate, Illustrated, Svo, sevred, as. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, y, 

Laxtoni Builders and Contractors^ Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 csdculations. 
4to, cloth, 5j. 

Laxtons Builders and Contractors^ Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, y. 

Sanitary Engineering: b. Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.K, M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, tint A numerous plates and woodcuts^ 8vo, doth, i/. lOr. 

Screw Cutting Tables for Engineers and Machinists y 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal 8vo, cloth, oblong, tj. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engmeer. 
Second edition, royal 8vo, oblong, cloth, is, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction^ based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, dr. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6^. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering given before the 
School of Military Engineering, wluch related to thft " ^^^JJccsi^;' 
enlarg'ed and revised by Ins Son, "E.. ¥. 'BKWaLH-'^^EK^^'^^C:^*,^^-^^ 
m^A 140 illustrations^ Svo, c\ol\i, Si.6d. 
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The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by DiaCTams, 
Tables, and Examples from Practice. By Jas. H. CoTTE&iLLy M.A.y 
F.R.S., Professor of Applied Mechanics in the Royal Naval Colleger 
8vo, cloth, I2s, 6d, 

The Practice of Hand Turning in Wood^ Ivory ^ Shelly 

etc.f with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc., also an Appendix on 
Ornamental Turning. (A book for beginners). By Francis Campin. 
Second edition, with wood engravings^ crown 8vo, doth, 6x. 

Contents : 

On Lathes— Turning TooIsf— Turning Wood— Drillingi^Screw Cutting— Miscellaiieoas 
AmKuratus and I^ocessesp— Turning Particular ynrmg— Sfatning~.PnH«eh{«g— .S pini^ i pg Metals 
—^Materialsr— Ornamental Turning, etc. 

Health and Comfort in House Buildings or Ventila- 
tion with Warm Air by Self- Acting Suction Power^ with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, Tvith plates^ demy 8vo, cloth, 7^. 6d, 

Treatise on Watchwork^ Past and Present, By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 2PL UJustraUons^ crown 
8vo, cloth, df. 6</. Contents : 

Definitions of Words and Terms used in Watchwork — ^Tools — ^Time^Historical Sum- 
mar^r^— On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trams, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without \f^ding 
up — ^The Verge— The Horizontal — ^The Duplex— The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— 'The Pendulum, or Spiral Spring— Compensation— Jewelling of 
Pivot Holes— Clerkenwell — Fallacies of the Trade— Incapacity of Woncmen— 'How to Choose 
and Use a Watch, etc 

Sponi Engineers and Contractor^ Illustrated Book 

of Prices of Machines^ Tools, Ironwork, and Contrcu^tor^ Material; 
and Engineers* Directory, Third edition, 4to, doth, 6s, 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2s, 6d, 

Contents : 

Symbols and the Signs of Operation— The Equation and the Unknown Quantity— 
Positive and N^ative Quantities-^Multiplication — Involution — Exponents — Neg^ative Expo- 
nents — Roots, and the Use of Exponents as Logarithms— Logarithms — ^Tables of Logarithms 
sad PropordaxRte Parts— Transformation of System of Logarithms — Common Uses of 
Commoa Logarithms — Compound MultipUcadon and the Bixvominal Theorem— Division, 
Fractfons, and i^aCio— Continued Proportion— -The Senes axA \\xe ^xxGQxna&Jsa^^. ^^^radaesr— 
Limit ofSerics^Square and Cube Roots<-£qaatlon&—lAS\. ol YotmN^a^, t,\A. 
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In super-royal 8vo, zz68 pp., with 2400 illustrations ^ in 3 Divisions, cloth, price x-^s, 6d, 

each ; or 1 vol., cloth, 2/. ; or half-morocco, a/. Sx, 

A SUPPLEMENT 



TO 



SPONS' DICTIONARY OF ENGINEERING, 

Edited by ERNEST SPON, Memb. Soc. Engineers. 

The success which has attended the publication of * Spons*; Dictionary of 
Engineering * has encouraged the Publishers to use every effort tending to 
keep the work up to the standard of existing professional knowledge. As the 
Book has now been some years before the public without addition or revision, 
there are many subjects of importance which, of necessity, are either* not 
included in its pages, or have been treated somewhat less fully than their ' 
present importance demands. With the object, therefore, of remedying these 
omissions, this Supplement is now being issued. Each subject in it is treated 
in a thoroughly comprehensive way ; but, of course, without repeating the 
information already included in the body of the work. 
The new matter comprises articles upon 



Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machiiiery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry, 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleaj^tDg and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery, 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prar- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, «xid 'E\&N«.- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools, 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress, 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives, 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

SteeL 

Steam Navvy. 

Stone Machinery. 

Tramways. 



NOW COMPLETE. 

PTtfA nearly 1500 illustrations, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions i to 4, 131. 6d, each ; Division 5, 17^. 6^. ; or 2 vols., cloth, ^3 lor. 

SPONS' ENCYCLOPEDIA 



OFTHB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. .' ■ , 

Among the more important of the subjects treated of, are the 
following :— 



Acids, 207 pp. 220 figs. 
Alcoho!, 23 pp. 16 ngs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 ngs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching,^! pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, "92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 p^ 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hoisery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, JO pp. 

Oils and Fatty Suhr 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. o figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. $7 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp, 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. ko figs. 
Sugar, . 155 pp. 134 

ngs. 
SulJ>htir. 
Torniin^ 18 pp. 
Tea,* 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, $ pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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